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ADAPTIVE VARIATION IN THE GENUS F/REO 


BY TERRELL H. HAMILTON 


)™' aspect of a recently completed study (Hamilton, L958MS) of species 
Se an i aspe ' Vari- 


relationships in the genus Vireo was an analysis of intraspecifis 
ation of certain external characters. The objective of this pape! is to present 
the patterns of variation exhibited by those members of this genus having 
wide distributions in North and Middle America. and to comment on some 
possible explanations for the adaptive meanings of such patterns. A second- 
ary purpose is an examination of the possibility that interspecific competition 


has been operative in furthering the ecological separation of two closely 


related, sympatric species, the Solitary and Yellow-throated vireos (1. soli- 


tarius and |. flavifrons). 

There is an important need for more studies of intraspecific variation in 
several species of an avian genus rather than in single species alone; we need 

know the extent and degree of conformity to ecogeographical rules ir 
species of various genera in order to obtain a valid concept of the phenomena 
of parallel evolution and adaptation in response to environmental gradients. 
lo reach this understanding. more comparative studies of variation within 
groups having both similar and different distributional patterns will be 
needed. Snow's (1954a: 19546) analysis of variation in external morphology 
and habitat preferences within the species of Parus has shown how much 
information concerning the process of adaptation may be gained from such 
a comparative study. There are few other adequate studies of variation within 
avian genera, ex eptions being the examinations by Miller (1941) and Pitelka 
(1951) of the genera Junco and Aphelocoma. 

All too often, studies of character variation in relation to change in envi 
ronment have stressed examples in agreement with the standard ecogeo- 
graphical rules, and have failed to examine the exceptions which, as Mayr 
(1956:106) has recently emphasized, should receive more attention. Con- 
cerning this point, Salomonsen’s (1955) study of migration and variation 
in some Old World species that previously were thought to represent inexpli- 
cable reversals of Bergmann’s rule, and Moreau’s (1957) analysis of climatic 
variation in the African populations of the Zosterops complex are two ex- 
amples of studies that have demonstrated patterns of adaptations under 
different climatic or ecological conditions. Such studies provide convincing 
evidence of an adaptive significance for intraspecific variation. 

Throughout this study, I have tried, where appropriate. to compare the 
genus }ireo with another continental, oscine genus, Parus. whose ecological 
and climatic adaptations in the Palearctic have been studied. There are, 


however, several basic differences in the general ecology of the species of 
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these two genera that do not permit the assumption of common mechanisms 
of adaptation applicable to both. Most species of }ireo (excluding endemic, 
insular forms in the Caribbean) are migratory or partially migratory and 
have discontinuous distributions in both temperate and tropical regions of 
the New World; as many as five species may be sympatric (although sep- 
arated by habitats) during the breeding season, yet co-occupancy of the same 
habitat is almost unknown. The Old World members of Parus are resident 
or partially migratory species having continuous or discontinuous distribu- 
tions primarily in the temperate regions of the Palearctic. In this group, 
co-occupancy of the same habitat appears well developed among the sym- 
patric species during the breeding season; Snow (1954a:19) states that four 
or five species may occur together within the same habitat. Thus, with dif- 
ferent ecological and ethological environments, dissimilar patterns of vari- 
ation are not unexpected for the two genera. 

In general for the species of Vireo, most of the characters studied showed 
clinal variation, but not necessarily in accordance with the accepted climatic 
or ecogeographical rules. Variation in body size (as indicated by wing 
length), bill length and tail length were exceptions. Bergmann’s rule—that 
within one species individual body size tends to be larger in colder regions 
than in warmer regions—was found unsatisfactory for explanation of the 
variation patterns of the members of the genus. For example, in the Solitary 
Vireo (V. solitarius) the northern populations are migratory (Fig. 1) and 
have their winter quarters in Middle America (north to central Mexico), a 
region where resident or partially migratory populations may have either 
larger or smaller wing lengths than their northern counterparts. 

Before continuing, I would like to point out that my conclusions, reported 
in this paper, on the adaptive significance of variation in body size within 
the species of Vireo and some other New World species do not invalidate 
Bergmann’s rule. Rather, I interpret my findings to represent alternative 
possibilities: First, other selective forces (e.g., selective action of certain 


attributes of the summer environment—-high temperatures and/or various 


humidities) may mask, modify, or interact with the selective action of cold 


temperature. Second, the winter temperatures to which the various popula- 
tions of the species concerned are exposed may be above the “threshold” 
below which cold temperature would exercise a selective action. This second 
alternative would also permit the action or concurrent actions of other selec- 


tive forces. 
METHODS 


Wing length measurements were taken (to nearest 1.0 mm.) from wrist to tip of 
longest primary with wing flattened. Bill length (culmen) was measured from the nasal- 
frontal hinge with calipers (to nearest 0.5 mm.). Tail lengths were taken with calipers 
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measuring (to nearest 0.5 mm.) the distance from the base of the middle rectrices t 


Measurements from specimens showing worn or damaged feather tips 


their distal tips 
were not included in the variation data presented in this paper 
measurements were taken, | tried to 


In determining the 


“breeding population samples” from which the 
secure 10 or more male specimens collec ted during or immediately prior te the breeding 





Fic. 1. Geographic variation in wing length within Vireo solitarius showing the breed 
ing and wintering quarters of the various segments or populations. Arrows lead from 
breeding to wintering quarters; areas without arrows represent resident segments or 


populations. Black dots indicate geographic locations of breeding populations with mean 
wing lengths given to nearest 1.0 mm. (see Table 2). Segments \. solitarius; B, 
F, pinicolus: », repetens: and 


alticola; C, cassinii; D, plumbeus; E, lucasanus; p 


H, montanus. 
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season in or about the same locality or region. Because of a slight sex difference in 
size, only male specimens were included. Measurements of differences between lengths 
of primary feathers (utilized in determining the “wing-tip index” values presented in 


Table 6) were taken to the nearest 1.0 mm. 
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SPECIES GROUPS WITHIN THE GENUS 


Vireos are nine- or ten-primaried oscines which glean insects from foliage. 
The genus is restricted to temperate and tropical America with nearly all of 
the species occurring in North and Middle America. There are no species 
endemic to South America, although members of wide-ranging. polytypic 
species or superspecies occur there. Endemic and divergent representatives 
are found in the Greater Antilles. Members of the genus show virtually no 


evidence of sexual dimorphism in color. At least for the breeding season. 


monogamous pair formation is characteristic for all species. The habitat for 


the genus is primarily broadleaved vegetation, but the various species may 
be designated as being either thicket foragers or arboreal foragers. 

The various species or superspecies may be divided (Hamilton. 1958MS) 
into the following species groups based on morphological and ecological 
characters: 

Subgenus Vireo 


(eye-rings and wing-bars present) 


griseus group 


(thic ket foragers) 


Species Breeding distribution 
V. griseus. White-eyed Vireo. (includes Eastern United States, both coastal low 
V. pallens, V. crassirostris, V. gundlachii, lands of Middle America, Bermuda, and 
V. modestus, and V. caribaeus.) various islands of the West Indies. 
V. carmioli. Yellow-winged Vireo. Mountains of Costa Rica and western 
Panama. 
bairdi. Cozumel Vireo. Cozumel Island off Quintana Roo. 
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osburni. Osburn’s Vireo Blue Mountains of Jamaica 
nanus. Lawrence's Vireo. Hispaniola and Gonave Island 
latimeri. Latimer’s Vireo Puerto Rico 
belli fell’s Vireo Lowlands of southwestern United States, 
east to Mississippi Valley, and south to 
northern Mexico 
inior. Gray Vireo Arid lowlands of southwestern 
States and northern Mexico 
isoni Dwarf Vireo Southwestern Mexico (Michoacan 


juate, and Oaxaca 


solitarius group 
‘arboreal foragers) 
tarius. Solitary Vireo Forested North America south through 
montane Mexico to highlands of Honduras 
flavitrons. Yellow-throated Vireo Broadleaved forests of eastern North 
America 
atricapulus Black-capped Vireo Southwestern Kansas south through Okla 
homa and west-central Texas to central 
Coahuila 
hutton Hutton’s Vireo Southwestern British Columbia south 
through western Lnited Sates (east to the 
Rocky Mountains and western Texas) to 
Mexico and Guatemala 
Subge nus | ireosylva 


(eye-rings and wing-bars absent) 


gilvus group 
‘arboreal foragers) 
gileus. Warbling Vireo. (includes V. Broadieaved forests (montane) 
leucophrys.) Middle, and South America 
philadelphicus. Philadelphia Vireo Eastern North America 


olivaceus group 

(arboreal foragers) 
olivaceus. Red-eyed Vireo. ‘includes V. Broadleaved forests (lowlands) of North, 
flavoviridis and South American forms.) Middle, and South America: absent from 
southwestern United States and western 

Mexico 
altiloquus. Black-whiskered Vireo. (in Florida Keys and islands of the Caribbean 
cludes V. magister.) (includes several coastal areas and islands 
of Yucatan, Quintana Roo, British Hon 

duras, and Honduras) 

hypochryseus. Golden Vireo. Lowlands and foothills of western and 


southwestern Mexico. 


Of these species, V. griseus, V. solitarius, V. huttoni, V. gilvus, and V. olivaceus are of 


wide distribution and demonstrate pronounced geographic variation The remaining 


species of Vireo are either monotypic or polytypic species with relatively restricted distri 


butions, and exhibit little or no ecogeographical variation. 
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Compared to presumably related oscine genera (e.g., the “coerebid” com- 
plex of honeycreepers or the Dendroica group of wood-warblers), the species 
of Vireo show little divergence in terms of habitat preferences, coloration, or 
modifications of the external morphology. With exception of two specialized 
species (1. osburni and }. nanus) endemic to islands in the Caribbean, the 
vireos appear to have uniform bill structures and essentially similar feeding 
adaptations. 

The vireos are all fairly similar in appearance, being mostly yellow-greenish 


species characterized by the presence or absence of eye-rings. eye-stripes, and 


wing-bars. These are some of the morphological characters that taxonomists 
have used to determine the species and their relations to each other. The 
adaptive values of these characters are not clear, but presumably they may 
represent species recognition characters aiding individuals in finding con- 
specific mates. If this is true, a larger array of differences in such characters 
(ethological isolating mechanisms) might be expected when sympatric species 
exist in close proximity to one another; this might be especially important 
if the breeding and foraging positions of the different species overlap within 
a common habitat during the breeding season. Theoretically. there would be 
available. in different genera or groups of related species. alternative possi- 
bilities or “avenues” for obtaining (in response to natural selection) eco- 
logical and ethological compatibility for sympatric relationships. 

In this respect, it is interesting to compare the habitat distributions of the 
species of Parus that are sympatric in the Old World with those of the sym- 
patric species of Vireo. since both groups consist of insect-feeding species 
which forage in foliage. For sympatric species of Parus in the western Pale- 
arctic, habitat co-occupancy (sympatric species occurring together within the 
same habitat during the breeding season) is well developed, with the species 
concerned having different—-but overlapping feeding niches (see Gibb, 
1954), having different coloration patterns, and belonging to different spe- 
cies groups or subgenera (as delimited by Snow, 19546:506-567). However, 
morphologically similar species, such as the Willow Tit (P. montanus) and 
the Marsh Tit (P. palustris}, both members of the Poecile species group, 
when sympatric in Europe normally are separated by habitat (Snow, 19545: 
579). In the Balkans (Serbia), a third member of the Poecile species group, 
the Somber Tit (P. lugubris) occurs in sympatry with these two species: 
all three related species are markedly separated from one another by thei: 
restriction to different habitats (Matvejev, 1950:177-180). Consequently, it 
would appear that differences in species recognition characters of the external 
morphology of some species (e.g.. P. major, P. caeruleus, P. ater; each 
belonging to a different species group or subgenus) are associated in some 


unknown manner with the development of habitat co-occupancy as a type of 
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sympatric relationship. For species of Parus that have been studied. Hinde 


(1952:190) concludes that there are “few essential differences” in behavior 
between different species. Thus, for members of this genus occupying the 
same habitat. it would seem that selection has favored (along with the neces- 
sary adjustments in feeding ecology) traits of behavior which promote dis- 
regard of NONCONsSper ific individuals. 

In contrast to the general pattern for Parus cited above, the sympatric 
species of Vireo show habitat separation (sympatric species occurring during 
the breeding season in different or separate habitats or in different, stratal 
subdivisions of a habitat). somewhat similar to that of the members of the 
Poecile species group of Parus. Habitat separation for sympatric species of 
Vireo may be of two types: First, utilization of distinct habitats (‘spatial 
separation” } with no lateral overlap except for limited possibilities along the 
boundaries of contiguous habitats (e.g.. sympatric populations of V’. belli, 
VV. vicinior, |}. solitarius, and }. huttoni in the San Bernardino Mountains of 
southern California: see Grinnell and Swarth. 1913:292). Second, a “stratal 
separation” of habitat(s) within a plant association (e.g.. V. olivaceus forag- 
ing and nesting in the canopy with J. griseus occupying the shrub layer of 
the same broadleaved. riparian woodlands in the eastern United States; see 
Hoiberg. 1954:369). 

For sympatric sper ies of Vireo. this “stratal” type of habitat separation 
(which may result sometimes in overlap of foraging positions) nearly always 
occurs between members of different subgenera (i.e.. one species having eye 
rings and wing-bars while the other lacks such morphological characters 
In addition to the example of |. griseus and |. olivaceus cited above, V. soli- 
tarius and J. gilvus in the western United States seem to have overlapping 
(regularly?) foraging positions in broadleaved, riparian areas. In southeast- 
ern Arizona, Marshall (1957:62) finds that |. huttonit (a member of the 
solitarius species group) may occur with these two species in riparian areas. 
However. V’. huttoni is normally restricted to oak woodlands with continuous 
canopy, and, in the western United States, this habitat is usually separate 
from (but often contiguous to) the habitats of other species of Vireo (see 
Grinnell and Swarth, 1913:292). Of the sympatric species of Vireo, the two 
that appear to coexist within a habitat (habitat co-occupancy) during the 
breeding season are V. olivaceus (arboreal forager) and J’. flavifrons (ar- 
boreal, but strictly crown-layer forager), each belonging to a separate sub- 
genus. My examination of the breeding-bird censuses from eastern and south- 
eastern United States reported in Audubon Field Notes during the past seven 
years indicates numerous occurrences of these two species on the same study 


tract: unfortunately, no information is available as to the foraging ecology 
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and breeding positions of these two species in areas where they appear to 
occupy the same unit of habitat. The “spatial” type of habitat separation 
appears to be the prevalent condition between sympatric species belonging to 
the same species group or subgenus (e.g., V. bellii and V. vicinior in south- 
western United States, and V. gilvus and V. philadelphicus in northeastern 
United States). Generalizations such as these indicate that a certain diver- 
gence in relationship (as suggested by the presence or absence of eye-rings 
and wing-bars) as well as a difference in foraging positions is manifested (or 
necessary?) when species of Vireo exist in close proximity to one another. 

It would seem, then, that within the genus | ireo selection has operated for 
occupation (at least during the breeding season) of separate habitats rather 
than for habitat co-occupancy in achieving the necessary ecological (and 
ethological?} compatibility required if previously isolated forms are to 
develop sympatry upon contact. Since this type of sympatric relationship 
results in each species having its breeding and feeding positions spatially 
separate from those of other species, the necessity for different ethological 
isolating mechanisms would be much reduced. Thus, it is not surprising that 
the members of this genus are mostly uniform, plain-colored species showing 
little diversity in external morphology or general ecology. Admittedly, there 
is a problem here of “cause or effect”; either the species of a given subgenus 
or species group have not diverged (in morphology and/or vocalizations? ) 
sufficiently for habitat co-occupancy or the stringency of habitat selection 
(resulting in habitat separation) has eliminated or decreased selection for 
pronounced ethological isolating mechanisms. Nevertheless, occupation of 
spatially separated habitats appears to be a generalization applicable to mem- 
bers of both subgenera of Vireo, and this study can offer no information on 
the problem of why selection has favored habitat separation as an “avenue” 
for the development of sympatry in this avian group. Comparisons with the 
Palearctic Parus have been discussed above. In contrast to sympatric rela- 
tionships in Parus and Vireo, it would appear, in the thrush genus Catharus, 
that selection has stressed emphasis on vocal and behavioral modifications 
rather than differences in plumage coloration or spatial separation of habitats 

as a possible “avenue” for obtaining ethological compatibility in sympatric 
situations (see Dilger, 19566:347-351). 


Little is known about the behavior and general ecology of the various 


species of Vireo. Lawrence (1953) reported some information on the breed- 


ing biology of V. olivaceus, and Pitelka and Koestner (1942) reported simi- 
larly on V. bellii. More information on behavior and foraging ecology would 
be extremely useful, and will be necessary before these generalizations on 
sympatry and habitat utilization in the genus }'ireo can be accepted as more 


than tentative. 
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MIGRATION PATTERNS OF VIREOS 


Since all the species of Vireo having wide distributions in North and Middle 
America are migratory (excepting the permanently resident |. huttoni), any 
attempt to correlate intraspecific variation with environmental factors must 
take into account the climate of the winter quarters as well as that of the 
breeding quarters, Salomonsen (1955) has discussed the role of migration 


in relation to intraspecific variation. He points out that within some migra- 


tory species the populations breeding in the northern part of the species’ 


range have winter quarters further south than the winter quarters of con- 
specific populations whose breeding ranges are south of (but contiguous to) 
those of the northerly breeding populations: the northern populations are 
thus long-distance migrants and the populations breeding in the lower lati- 
tudes are short-distance migrants. A species with such a migration pattern 
is considered by him to have a “leap-frog” or allohiemic migration pattern. 
As he further states. the short-distance migrants (having winter quarters 
north of those of the long-distance migrants) are subjected to colder winter 
temperatures. From such observations he reasons—-in accordance with the 
heat conservation principle underlying Bergmann’s rule—that the populations 
exposed to colder winter temperatures should be larger. resulting in an appar- 
ent reversal of Bergmann’s rule. His examination of ringing returns and the 
distribution of many European species showing reversals of Bergmann’s rule 
have demonstrated that nearly all of these species are “leap-frog” or allo- 
hiemic migrants. 

Thus, considering “competition for food as the primary reason fot 
wide dispersal in the off-season”, Salomonsen (1955:10) has divided migra- 
tion patterns into two major categories: (1) Synhiemy or the condition 
whereby the various populations of the same species coexist in a common 
2) Allohiemy or the condition whereby populations 


wintering quarter; | 
Inter- 


within a species have separate (geographically) wintering quarters. 
mediate conditions between these two categories are also recognized by him. 

Considering the possible importance of the location of winter quarters on 
geographical variation, a study of migration within the genus Vireo was 
undertaken. Below is a tentative statement of migration patterns for some 
of the species of this genus that | have determined on a basis of study of 
literature, and the “subspecific” allocation of specimens (Mus. Comp. Zool. ) 


taken in winter quarters: 
griseus (6 to 9 races) allohiemic (tandem pattern?) 
bellii (4 races) allohiemic (leap-frog?) 


victnior (monotypic! synhiemic 


solitarius (9 to 10 races) allohiemic (leap-frog) 
flavifrons (monotypic) ? 


atricapillus (monotypic) synhiemic 
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gilvus (5 to 6 races) allohiemic (leap-frog) 

philadelphicus (monotypic) synhiemic 

olivaceus (10 to 12 races) allohiemic (leap-frog) 
It can be seen from this listing that the allohiemic species are polytypic. Also, 
each of the allohiemic species demonstrates, in varying degrees, ecogeograph- 
ical variation. The synhiemic species are monotypic, with their winter quar- 
ters unified and rather restricted (excepting }. flavifrons) in geographic 
area. This condition is the expected one, for, as Salomonsen (1955:53) 
suggests, allohiemic species with geographically isolated populations during 
the winter will have their various populations exposed to different environ- 
ments and different selection pressures. Further, it must be remembered that 
some of these allohiemic species have discontinuous distributions; here, 
reduction of gene flow between various conspecific populations might facili- 
tate adaptive divergence (viz., climatic adaptation) at the intraspecific level 
(see Mayr, 1954:160-163). Vireo solitarius and J}. gilvus are allohiemic spe- 
cies consisting of mostly migratory populations: however, both have devel- 
oped local, endemic populations (/ucasanus and victoriae segments, respec- 
tively) resident to the Cape region of Baja California. 

The suppressing action of a common winter quarters on intraspecific vari- 
ation within synhiemic species is possibly illustrated by V’. atricapillus. This 
species shows no variation in external morphology although the breeding 
range is strongly discontinuous, being restricted to isolated foothills in Coa- 
huila, central and western Texas, southern Oklahoma, and southwestern Kan- 
sas. Moore (1938:25) has reported the winter quarters of these populations 
on the coast of Sinaloa. A common wintering area here helps to explain the 
lack of variation in a monotypic species. 

Unlike the other monotypic species, }’. flavifrons has widespread winter- 
ing quarters extending from southern Mexico south to Venezuela and Colom- 
bia. The lack of ecogeographical variation in this species does not necessarily 
imply a common winter quarters for the species, for specimens collected 
throughout the large, wintering area cannot be compared (phenotypically) 


with population samples collected throughout the breeding quarters in eastern 


North America. In a later section of this paper, | suggest that }. flavifrons 


is a “young” species with fluctuating populations and is in process of 
extending its breeding range. Banding returns may eventually explain the 


migratory pattern of the populations of V. flavifrons. 


GEOGRAPHIE \ ARIATION IN SIZE 
Within the genus Vireo, trends of intraspecific variation in size (as indi- 
- I 
cated by variation in wing length) seem in conflict with Bergmann’s rule; 
little evidence was found for a negative correlation between wing length and 
5 c ) 


temperature. Of the wide-ranging species of this genus, sufficient material 
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for adequate analysis was available for }. griseus, V. solitarius. V. huttoni, 
V. gilvus, and V. olivaceus. Of these species, V. solitarius, V. huttoni, and 
IV. gilvus have the largest wing lengths in the approximate region of north- 
western Mexico with smaller wing lengths occurring elsewhere (Tables 2, 3, 
1). Vireo olivaceus and V. griseus (excluding insular populations) demon- 


strate (Tables 1. 5) north to south clinal decreases in wing length: however. 





TABLE | 


MEASUREMENTS' FOR ViReO CRIS *"ERSPECIES 


Locality and name Wing 


f segment mr 


Southern New England 64.6 + 0.6 . 
(noveboracensis} (11:64-66) ; ( 19 
Virginia to New Jersey 7+ 0.6 + 
(noveboracensis | Z:f2Z 5 (12:48 
Georgia (nove ; . 19.8 + 
beracensis?) 2:1: ; (12:48 
Southern Florida and 60.5 + 1.0 ; 18.2 + 
Keys (maynardi) (15:58-62) 5: 5 (15:46 
Bermuda (ber 58.8 
mudianus) (8:56-60) 
Kansas (novebora 62.4> 0.6 
censis) (11:61-63) 
Tennessee (nove 612+ 04 
boracensis} (11:61-63) 
Louisiana (griseus) 61.3 > 0.6 
(13:60-62) 
Brownsville area, 38.1 
Texas (micrus) (7:57-59) 
San Luis Potosi 99.7 + 0.5 
(micrus) (10:59-61) 3 (10:47-52 
Yucatan and British 97.4+~ 1.6 7.6>+ 1.3 
Honduras (semiflavus?)} (16:54-59) 5-15 (16:45-49) 
Lowlands of Costa 35.6 64 
Rica (pallens?) (7:55-56) : (7:45-47) 
Bahama Islands (cras- 64.9 + 2.1 
sirostris) (12:62-70) 
Tortuga Island 63.7 + 1.3 f 0.7 + 1.3 
(tortugae) (11:61-66) “15 (10-49-54) 
Cuba (gundlachii) 56.0 + 1.0 , 51.3 + 0.9 
(12:55-58) ; (12-50-53) 
Jamaica (modestus) 38.6 . 
7:57-60) 
Old Providence Island 61.4 


| 
] 
(approximans ) (5:60-63) ( 
Cozumel Island 62.1 15. 
(V. bairdi) (9-60-64) (9-15-16) (9-50-56) 
Highlands of Costa 66.4 12.4 16.6 

Rica (}. carmioli) (9:64-69) (8:12-13) (8:45-50) 
Porto Rico 65.3 13.6 99.5 

(V. latimeri) (7 :63-67) (7:13-14.5) (6:58-62) 


52.6 





For Tables 1-5, measurements cited as follows mean to nearest 
standard deviation to nearest 0.1 mm. (number of sample: range of sample 
not calculated for samples of fewer than ten individuals 
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the northern breeding populations of these two species migrate. respectively, 
to South America and Middle America. The northern breeding populations 
of V. solitarius and V. gilvus also migrate to the lower latitudes (Middle 
America) for the off-season. Populations of V’. huttoni are resident in ever- 
green—oak habitats throughout the western United States and Mexico. 

Vireo solitarius—In this species (see Fig. 1 and Table 2), the resident populations 
(notius and montanus segments) occurring in British Honduras and Guatemala, respec 
tively, have the smallest wing lengths of all the widely distributed populations of the 
species. The largest wing lengths are found in breeding populations from the foothills 
and mountains of northwestern (pinicolus segment) and central (repetens segment) 
Mexico; populations of the former segment apparently move south during the winter t 
central Mexico in the general region of the resident populations of the latter segment 
Breeding populations with wing lengths intermediate between the extremes cited above 
occur in Baja California (/ucasanus segment) and in temperate North America (cassinii 
plumbeus, solitarius, and alticola segments). Since most of the migratory populations 
breeding in North America have winter quarters extending approximately from central 
and eastern Mexico to the Guatemala~Nicaragua area, they are thus subjected to about 
the same winter temperatures as the resident populations of that region. According to 
Bergmann’s rule, populations exposed to colder winter temperatures should have larger 
wing lengths than those having warmer winter quarters; the wing lengths and winter 
quarters of the populations of segments solitarius and alticola in eastern North America 
indicate an allohiemic migration pattern for the two segments which may be interpreted 
(Salomonsen, 1955:44) as a manifestation of Bergmann’s rule. The populations of | 





TABLE 2 


ASUREMENTS FOR VIREO SOLITARIUS 


Locality and name Wing Bll 
Ne of segment mm mm 


1. New England 75.1 + 0.9 ’ 53.6 + 1.0 
(solitarius) (30:73-77) 27:12 (30:52-56) 
2. Central Virginia 79.2 + 0.7 ’ ‘. 95.9 + 1.0 
(alticola) (24:78-81) (24:54-57) 
Western North Carolina 
and South Carolina 81.2 + 1.1 15.6 + 0.5 55.9 + 1.0 
‘alticola) (22 :80-84) (22:14-16) (22 :57-62) 
Southern British 74.6 + 1.2 14.9 + 0.7 54.4 + 0.9 
Columbia (cassinii) (12:72-76) (12:13.5-16) (12:53-56) 
‘entral and southern 76.9 + 1.5 15.1 +04 55.3 + 1.0 
talifornia (cassinii) :73-78) (21:14.5-16) (20:53-57) 
‘ape region of Baja 70.1 + 1.7 15.2 + 0.4 a2 & 1] 
‘alifornia (/ucasanus)  (12:66-72) (29:14-16) (29:50-54) 
‘olorado (plumbeus) 77.2 + 0.6 148+ 04 54.9 + 0.9 
(11:76-78) (11:14-15.5) (11:53-56) 
Southeastern Arizona 81.3 + 1.0 15.0 + 0.6 58.0 + 1.3 
(plumbeus) (21:79-83) (21:14.5-16.5) (21:56-60) 
Sonora (pinicolus) 84.7 + 1.1 15.2 + 0.3 62.2 + 1.0 
(12:83-87) (12:14-16) (12:60-63) 


2 
1: 


Guerrero (repetens) 82.4 15.9 8.7 
(7 :80-83) 7: (7:55-59) 
Guatemala (montanus) 68.5 
(4:66, 69, 69, 70) 








“ VARIATION IN VIREOS 


Hamiltor 


to 


gilvus have a pattern of geographic variation in wing length (Table 4) similar 


of V. solitarius 
Vireo huttoni \ striking departure from Bergmann’s rule is the variation in wing 
length (Table 3) within V. Auttoni, the only nonmigratory species of North and Middle 


American distribution. The largest wing lengths in this species are characteristic of 


populations (stephensi segment) restricted to forested areas of northwestern Mexic 


the smallest wing lengths are from populations (huttoni segment) resident to southern 
British Columbia. Intermediate wing lengths are from populations of western United 
States (huttoni segment), northern and northeastern Mexico ar re segment) en 
tral and southera Mexik © tmexicanus segment), and Guatemal: buican segment. 
Here, it is interesting to examine (Table 3) the distributions all the populations or 


segments with smaller wing lengths than the stephenst segment populations with 





TABLE 


MIEASUREMENTS FOR J yRe 


Southern British Colum 

bia and Washington 

(huttoni) (3500 ft.. 62.8 + 0.9 

6 FL) (14:61-64) 

Oregon and northern 

California (huttoni) 55 +08 

(4000 ft.. 40 FF) 2-65) 

Central California 

(huttoni) (4200 ft.. 

i F.) (16:62-65) 

Southern California 

(huttoni) (5500 ft., 65.7 + 0.9 

6 F.) (11:64-68) 

Cape region of Baja 

California ‘(cognatus) 66.8 + 1.1 

(4000 ft.. 55 F.) (15:66-70) 

Arizona (stephensi) 66.5 > 1.1 

(6200 ft.. 45 Fo) (16:65-68) 

Chisos Mts. in western 66.1 

Texas (carolinae) (7:63-68) 

Sierra del Carmen, 

Coahuila (carolinae) 65.6 

(7000 ft.. 51 Fo (9-64-68) 

Sonora (stephensi) 68.7 + 1.0 

(5000 ft.. 55 Fo) (10:67-70) 

San Luis Potosi 

(carolinae?) 67.3 > 11 

(5700 ft.. 59 FL) (18:65-69) 

Morelos and Federal 

District (mexicanus) 66.6 + 12 

(6000 ft.. 54 F.) (14:64-68) 

Southern Mexico (mexi- 66.3 

canus) (7000 ft.. 63 FL.) (8:65-68) 
13. Guatemala (vulcani) 63. 64, 65 


(5000 ft.. 65 F.) 


» 





1For this species, altitude accurate to nearest 500 
coldest month have been estimated and are included here 
2Chord measurement 
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smaller wing lengths occur in relatively more humid regions to the north, east, and 
south of northwestern Mexico. 

Vireo olivaceus.—Throughout the extensive breeding distribution (roughly, temperate 
and tropical America) of this polytypic species, there is a north-to-south clinal decrease 
in wing length of continental populations (New England, 83 mm.; Panama, 79 mm.; 
Brazil, 67 mm.; see Table 5). The North American populations (olivaceus segment) 
have winter quarters in the Amazon Basin. The Middle American populations (flavo 
viridis and |?) hypoleucus segments) have winter quarters extending from Panama to 
the Amazon Basin. In the region of the Amazon Basin and Matto Grosso, there are 
resident populations (see Zimmer's discussion, 1941:4-9) which, to my knowledge, have 
the smallest wing lengths of all the populations of this species. In this species, super 
ficially in agreement with Bergmann’s rule, the variation in wing length becomes incon 
sistent with the rule upon consideration of the location of the winter quarters; many of 
the populations breeding in Middle America (flavoviridis segment) have winter quarters 
in Panama whereas the North American populations (olivaceus segment) with larger 
wing lengths are “wintering” in the Amazon Basin during the summer of that hemi 
sphere; however, temperature differences at these low latitudes should be of negligible 
effect. Until more is known about the location of the winter quarters of the populations 
of this species, all that can be concluded about geographic variation in wing length is 
that a north-to-south cline for decreased wing length exists when populations from only 
the breeding quarters are compared. It is possible that the northern breeding popula 
tions have an increased wing length as an adaptation for long (and fast?) migration to 
South America. Variation in wing length (Table 5) within |. griseus is similar to 
V. olivaceus in showing (for continental populations) a decrease in wing length from 
eastern North America south to Panama; in this species, likewise, the pattern of vari 
ation becomes difficult to interpret upon consideration of migration and location of 


winter quarters. 

Correlations with climatic gradients. All attempts to find a negative corre- 
lation between temperature and size (Bergmann’s rule) within the various 
species of Vireo failed. Several measures of yearly fluctuations in tempera- 
ture were considered: mean temperature of coldest month, mean temperature 
of three coldest months, and “lowest recorded temperature.” However, the 
absence of adequate meteorological data for the localities of population sam- 
ples from Middle America prevented a serious analysis of this possible rela 
tionship. Having resident populations distributed over a wide geographi: 
region (southern British Columbia and western United States south through 
Mexico to the Guatemala area), Vireo huttoni is the one species whose various 
populations are exposed, consistently, to a gradient of decreasing winter tem- 
perature from south to north. There appears to be no relationship in this 
species (see Fig. 2) between wing length and temperature. 

Moreau (1957), by use of partial correlation analysis, has presented evi- 
dence for a positive correlation between wing length and altitude (independent 


of effect of temperature) for the African populations of the Zosterops com- 


plex. My data for intraspecific variation in the species of Vireo fail to indi- 


cate the presence of such a phenomenon. Of the several species, the resident 
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}. huttoni could possibly be tested by partial correlation analysis. The scat 
ter diagram (Fig. 3) for wing length and altitude comparisons within | 
huttoni indicates no relationship between the two variables: however. I lack 


sufficient data to test the point statistically. 














Variation in wing length in rela 

» mean temperature of coldest mont 
populations of the resident J irec 
“et Table >») Note the apparent 


absence of corre 


ween wing lengtl 
fas an index 


perature 


One striking fact which became clear in the course of the study was the 
location of the populations with the largest wing lengths within the species. 
}. solitarius, V. huttoni, and V. gilvus. Within each the largest mean wing 
lengths are from the plateaus and mountains of northwestern Mexico (So- 
nora}, a region relatively more arid than any other within the distribution of 
each of these species. It became evident that the one feature of the environ- 


ment of the breeding distributions that was related or correlated (in three 


species of | ireo at least) with the clinal variation in wing length was “humid 


ity” or “aridity.” In brief, wing length (presumably an indication of body 
size} was smaller in humid regions and larger in arid regions (for intraspe 
cific comparisons only). In}. olivaceus, it is difficult to explain the observed 
variation in these terms; however, the populations with the smallest wing 
lengths are resident in the warm, moist regions of the Amazon Basin. And 
within V’. griseus (considering continental populations only} the populations 
with the smallest wing length (pallens segment) are resident in the humid. 
coastal lowlands of Costa Rica. I have tentatively designated this observation 
as an “aridity effect” which means, simply. that within wide-ranging species 
of temperate and tropical distribution there may be a tendency for individuals 
of populations occurring in hot, arid regions to have greater wing lengths 


than individuals in hot, humid regions. This observation is not new, for 
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Ripley (1950:361) and Salomonsen (1955:44—46) have noted or presented 
evidence suggesting that populations of arid regions may be characterized by 
larger individuals. 

“Aridity effect” or “latitude effect.-—I1 have suggested above that the 
intraspecific increase in wing length of Vireo populations occurring in Sonora, 
Mexico, may represent a positive response in body size to the “aridity” or 
low humidity of that region. Readily, a similarity appears between this 
“aridity effect” and the “latitude effect” as described by Snow (1954a) for 
intraspecific variation in some species of Parus. In both genera, the popula- 
tions with larger wing lengths occur in foothills or mountains of lower lati- 
tudes. For both genera, these regions (both approximately 30°N) are in 
climatically arid areas of northwestern Mexico and northwestern Africa, 
respectively. However, it must be remembered that both in Parus (see Snow, 
1952 :489—-490) and in Vireo (see Marshall, 1957:106—107) these populations 
under consideration occur in the forested elevations of the highlands. 

Discussing the relationship between wing length and temperature within 
the species of Parus showing the “latitude effect.” Snow (1954a:20-21) 
states “With the same winter temperatures, wing-length tends to be greater 
at lower latitudes than it is at higher latitudes.” Such a relationship with 
winter temperature is not true for the genus Vireo. First. the populations of 
}. solitarius and V. gilvus breeding in northwestern Mexico move south dur- 
ing the winter to central and southern Mexico. Second, the V’. huttoni popu- 
lations resident in northwestern Mexico (Sonora) are exposed to milder win- 
ter temperatures than the populations resident to southern British Columbia. 

Snow's interpretation of the latitude effect stresses the importance of feed- 
ing ecology with the short day for food gathering during winter in the higher 
latitudes (Scandinavia) being a critical factor limiting body size. Could this 
interpretation apply to the species of }ireo? It would seem that this is not 
the case since most populations of V. solitarius and V. gilvus (and other 
Vireo species) breeding in high latitudes migrate to tropical or subtropical 
Middle America for the off season. Also, the resident populations of V. Aut- 
toni extend north only as far as southern British Columbia (50° N)—to about 


the latitude of southern England or central Europe. 


PRESENCE OF AN ARIDITY EFFECT IN OTHER NEW WORLD SPECIES 


One value of studying variation and relationships among the species of a 
genus is the possibility of finding additional parallels or new expressions of 


evolutionary phenomena which may be characteristic of other genera. This 


is especially true for comparative studies of intraspecific variation. Consid- 


ering the well-known parallelism of climatic adaptation at the intraspecific 


level, the possibility of finding similar “aridity effects” within species of 
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other avian genera should be considered in that this may represent a modifi- 
cation or suspension of Bergmann’s rule. 

For this purpose. | have tried to examine (from the literature and with 
specimens} some wide-ranging North American species with populations 
occurring (as annual or summer residents) in northwestern Mexico or south- 
western United States: 

Dryobates pubescens Downy W vod pecker My measurements 
nearest 1.0 mm. for males only [number in sample ange of sample 
greatest wing lengths in this resident species are from southweste 
Mexico, 104 (7:103-106): Colorado, 104 (8:102-105): British ¢ 
Alberta to Manitoba, 99 (12:97-100): Michigan. 95 (8:93-96 
93-97): New England, 95 (11:93-97): Virginia. 93 (12:92-96) 

88-91). As in some other North American species, the smaller 
southeastern United States 

Sitta carolinensis. White-breasted Nuthatch Hawbecker’s tudy of variation 
in populations of this resident species in the western United States demonstrates a nortl 
te-south cline for increased wing length ( Arizona populations, % My measurements 
for the eastern United States are Georgia, 88 (10:87-90) and Florida, 86 (12:84-87) 

Lanius ludoviciant Loggerhead Shrike.—Miller’s (1931) investigation of this species 
reveals that the populations with the longest wings (102 mm.) are resident to the arid 
lowlands of northwestern Mexico (Sonora! and those with the shortest wings (97 mm 
are resident to southeastern Unired States (mostly lowlands Populations in other 
regions (including southern Mexico! have intermediate wing lengths 

Richmondena cardinalis. Cardinal The greatest wing lengths in this resident species 
are also from northwestern Mexico (Sonora lowlands) My measurements Sonora 
(Guaymas area), 98 (15:95-100); Texas (Edwards Plateau), 94 (10:92-96): Kansas, 
94 (8:92-95): eastern Texas and northern Louisiana, 93 (14:89-94): Florida, 89 (10 


87-90): San Luis Potosi. 88 (10-87-90): and Guerrero. 85 (8-83-87) 


Salomonsen (1955:44—46) is aware of this tendency for increased wing 


length in populations of southwestern United States and northern Mexico. 
Discussing “leap-frog™” migration in the Summer Tanager (Piranga rubra). 
he states that the populations (cooperi segment) breeding in the southwestern 
United States are larger than their counterparts (rubra segment) breeding in 
the eastern United States. He also discusses a comparable example for the 
variation in the Blue Grosbeak (Guiraca caerulea). and suggests that the 
Song Sparrow (Melospiza melodia goldmani) and the Red-winged Blackbird 
(\Agelaius phoeniceus soncriensis) are examples of “increased wing lengths 
in Mexican forms. % 

It is my belief that these examples cited as evidence for an “aridity effect” 
for some North America bird species represent parallel adaptations to the 
general low humidity and high summer temperatures (as these conditions 
may affect selective action on general body size) of northwestern Mexico and 
the southwestern United States. Whether similar “effects” will be found in 
species of large distributions (extending throughout diverse climatic regions) 


restricted to other continents remains to be determined. Since adaptation 
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may represent interactions or conflicts between various selective forces, this 
“aridity effect™ need not hold true for all North American species with com- 
parable distributions. Miller (1931:104) has made the plausible suggestion 
that increased wing length in Lanius ludovicianus is characteristic of popula- 
tions inhabiting open land or regions of widely spread vegetation. Pitelka 
(1951:366) concludes the same for the larger. inland races (superciliosa and 
immanis segments) in comparing the “californica” group of races of the 
Serub Jay (Aphelocoma coerulescens). It is noteworthy that Pitelka found 
the smallest wing lengths from the populations of this species resident to 
Florida. Finally. I find little evidence for the presence of Bergmann’s rule. 


per se, within New World species. 


ADAPTIVE SIGNIFICANCE OF INTRASPECIFIC VARIATION IN SIZ 


In the previous sections, I have tried to emphasize the relationship between 


wing length and environmental conditions among the populations within the 


species of Vireo and some other Nearctic species. Examples have been cited 


from both resident and migratory species. Within migratory species. consid- 
eration of geographic location of winter quarters indicates still a relationship 
between wing length and change in environment. This “aridity effect” repre- 


sents. as other ecogeographical rules. no more than a correlation between a 





TABLE 4 


MEASUREMENTS FOR TiRED GILES 


Locality and name Wing Bil } bill 100 tail 
of segment mm mn wing wing 


+ O05 31.4 + 20.4 71.0 
:14-16) (19:49 

+ 0.6 90.1 + 21.0 71.7 
13.5-16) (15:48 

+ 0.3 50.1 + 20.1 

:14-15) (10:48-51) 

+ 04 50.6 > O5 20.4 


e) 


Massachusetts 72.4 + 08 
(gilvus) (19:71-74) 
North-central United 69.9 + 0.8 
States (gi/vus) (15:68-71) 
Tennessee (gi/vus) 71.3 + 0.6 
(10:70-72) 
Southern British 67.6 + 0.6 
Columbia (swainsonii) (13:66-68) 12.5-14) (13:49-51) 
Oregon (swainsonii) 67.8 + 0.7 + 04 52.6 + OB 20.5 
(19:67-70) 22:12.5-14) (22:51-54) 
Central California 68.5 + 0.9 3+05 
(swainsonii) (10:66-69) 5 
Southern California 69.1 + 1.1 
(swainsonii) (16:66-71) 
Cape region of Baja 66.7 + 1.2 : 
California (victoriae) (14:65-69) 24:14-16) 
Arizona (swainsonii) 72.4 
(8:70-74) (8:14-16) 
Sonora (brewsteri) 73.4 + 0.9 5.1 +05 5 . 20.6 
(11:72-75) :14-16.5) (11:52-55) 
San Luis Potosi 70.0 + 1.1 . t 19.2 + 1.0 21.1 
(eleanorae?) (15:68-72) : 5.5 (15:48-5]) 


<= 


—AwA wl 


to be 


< 
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character (here. wing length and, presumably. body size) and a changing 
environment (see Mayr, 1956:105). Since these intraspecific variations are 
orderly rather than random, selection forces—-through unknown mechanisms 
must be responsible for the clinal geographic changes. 
Scholander (1955) has criticized the “physiological meaning” of the cli- 


matic or ecogeographical rules (for homeotherms, in general) by pointing 


out (p. 22) that variation in insulation is a more efficient method for con 


trolling the loss of heat to the environment than shifts in surface/volume 
ratios. And his evidence indicates this. However. if change in body insulation 
(occurring between the peripheral tissues and the environment) were the only 
selective mechanism involved. we would expect similar body size for indi 
viduals from widely separated localities within the species’ range. other con 


ditions being equal. The fact remains that there are numerous cases of intra- 





TABLE 5 


Merast REMENTS FOR THE Vireo Oo 


Southern British 82.0 + 1.1 
Columbia ‘olivaceus) (13:80-84) 
Montana (olivaceus) 81.7 +09 17.1 
(10:80-83) (10:16.5-18) 
Massachusetts 82.5 + 0.8 16.9 + 05 
tolivaceus) (22:81-84 (22 16-18) 
Virginia (olivaceus) 814+09 7.1+ 0.5 
(16-80-83) (16-16-18) 
North Carolina 81.5 + 05 
‘olivaceus) (13:80-83) 
Tennessee (olivaceus} 81.2 + 0.6 
(14:80-83) 
Northeastern Mexico 81.1 + 0.6 
( flavoviridis) (12:80-82 
Southern Mexico 7.9215 
(flavoviridis) (12:75-81 
Guatemala and British 79.4+ 1.3 
Honduras (flavoviridis) (14:76-81 
Panama (flavoviridis) 78.6 
(7:78-80) 7:18-19) 
Brazil (solimoensis?} 672 +09 1.7 + 05 
(10:65-68) (10:15-17 
Florida Keys (1 alti 80.5 18.5 
loquus barbatulus) (8:78-82) (8:18-19) 
Bahama Islands ‘(}. a. 80.3 19.5 
barbatulus) (8:78-82) (8:18-20) 
Grand Cayman Island 74.6 18.0 
(V. a. magister) (5:73-76) 5 18) 
Hispaniola (V. a. 83.0 21.4 
altiloquus) (8:82-84) (8:20.5-22.5) 
St. Kitts Island 80.9 20.0 63.2 
(V. a. barbadensis) (8:78-82 (8:19-21) (8:62.65 
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specific gradients for wing length within bird species. How is this to be 


explained? The next six paragraphs in this section are speculative, and are 
presented with the hope of stimulating interest concerning the adaptive sig- 
nificance of intraspecific variation: 

1. The channels for heat dissipation available to the bird body are convection, con 
duction, radiation, and evaporation (vaporization). Salt (1952:128) points out that the 
first two channels are of little or decreased importance (in passerine species, at least) 
leaving radiation and evaporation as the two primary channels for heat dissipation 
Wallgren (1954:65) finds that evaporation represents a larger percentage (at least 40 
per cent at 30°C.) of the total heat loss at higher temperatures in two species of 
Emberiza; this is expected since radiation is proportional to the temperature gradient 
between the body and surrounding environment. Thus, for birds a certain component 
of the total heat dissipation may be attributed to thermal properties of internal surface 
tissues (for vaporization) as well as external tissues (for radiation). 

2. Concerning the role of evaporation in avian heat loss, it is interesting to examine 
the work of Bartholomew and Dawson (1953) on respiratory water loss in some birds 
of arid habitats in the southwestern United States. They find an inverse relationship 
between mean water loss per unit of body weight and mean body weight in comparing 
different species of various body sizes; they state (p. 165) “Why smaller birds should 
lose relatively more water in respiration than larger birds is not known, but it presumably 
relates to the higher metabolic rates of the former.” These observations might be inter 
preted to indicate that a larger body size is advantageous in hot, arid environments to 
prevent desiccation via evaporation. 

3. In a hot, humid environment, the bird body has the preblem of adequate heat 
dissipation in that the high temperatures necessitate loss of heat by vaporization. Since 
the inspired air already has a relatively high actual vapor pressure, the body may have 
difficulty in expiring sufficient respiratory moisture. Selection for a decreased body size 
here with the relatively increased lung surface might facilitate heat dissipation 

4. In cold or cooler climates, the primary channel for heat loss in birds is presumably 
radiation. Since basal heat production appears to be the same in tropical as well as 
arctic forms, change in degree of insulation or change in surface/volume ratios are two 
possible avenues open to selection. The studies of Scholander and his co-workers (1950) 
would indicate that the former is more important, at least for comparisons between 
species. However, the majority of their data for variation in body insulation is from 
mammals; whether the channels for heat dissipation are the same and of equal impor 
tance for mammals and birds under similar environmental conditions is not clear. Snow's 
(1954a:20) analysis of variation in wing length in relation to cold temperature among the 
populations of Parus major indicates a clear trend for increased body size with colder 
winter temperatures that must have some adaptive significance. A study (if feasible!) 
of geographic variation in body insulation and heat production within a wide-ranging, 
resident species of bird is badly needed. 

5. The phenomenon of altitudinal variation in wing length and body size within bird 
species should be mentioned. Moreau (1957) has presented statistical evidence for a 
direct relation between altitude and wing length in African populations of the Zosterops 
complex. He suggests (p. 331) that a larger wing surface (hence larger wing length) 
in the higher altitudes is associated with reduced air pressure. | would like to suggest 
that the populations in the lower altitudes are exposed to hotter, more humid climates 
(in terms of smaller saturation deficits for inspired air) and selection has operated for 
smaller-sized individuals in the lower altitudes. 





VARIATION IN VIREOS 


6. The scheme for avian intraspecific variation in wing |e 
general body size) presented thus far finds—relative to body size 

ons——larger body sizes in the hot, dry regions and smaller body sizes in hot, humid 
regions. It would be naive to expect this proposed scheme to appear within all species 
of birds or to appear in comparisons between species restricted to different: climates 
Discussing such ideas for the variation in the genus Parus, Snow 1954a:23) states 
“Obviously at this higher svstematic level the different ecological demands are 
mount importance, so that the climatic trends are likely to have been obscures 
ther adaptations.” 

The above comments on the adaptive significance of intraspecific variation 
in wing length and body size in bird species are, of course. conceptual 


and speculative 


VARIATION IN WING SHAP! 


Phat wing shape or configuration may reflect adaptations at the intraspe 
cific level as well as the spec ies level is well known (Rensch. 1934; Kipp. 1936. 
Meise. 1938). Summarizing his evidence for Palearctic species, Rensch 
(1934:310) states that within a species the northern, migratory populations 
may have more pointed and narrower wings than their southern, resident 
counterparts. And, he continues, this pointed wing may be achieved by a 
shortening of the tenth (outermost) primary, by a shortening of the primaries 


behind the wing-tip. or by a lengthening of the primaries of the anterior 


margin of the wing. Averill (1925:354—355) discusses the relation between 


the reduced outermost primary and long-distance migration, and points out 
the prevalence of this phenomenon in the genera | ireo and Hylocichla and 
in some other ten-primaried oscines of North America. 

Something that should receive more attention in variation studies (see 
Mayr and Vaurie, 1948:23) is the possibility that migration affects wing 
length and conflicts or interacts with expressions of climatic adaptation in 
general body size (as indicated by wing length). One criticism of this study 
of intraspecific variation in the genus Vireo is the absence of a more adequate 
measure or index for body size (for a fuller discussion of this problem see 
Amadon, 1943). Because of an absence of specimen weights for most species, 
mean wing length of the population samples has been used as an indication 
of body size. While there is no doubt that a larger body is accompanied by 
a larger wing, it ts quite possible that other factors may affect wing length. 
Adaptation for migration may result in a lengthening or modification of the 
feathers of the wing-tip thereby altering the relation between body size and 
wing length. Until adequate series of weights (or bone measurements) are 
available, such comments as these must be considered as tentative. 

The genus Vireo is well suited for an analysis of variation in wing shape 


both within and between species, since it includes completely migratory 
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species. species with both migratory and resident populations. and completely 
resident species. 

Intraspecific variation._Comparing (Table 6) migratory and resident pop- 
ulations. the observation that migratory forms have more pointed wings than 
resident ones appears to be general for the genus. In |. solitarius, the popu- 
lations restricted to Guatemala and Baja California (Cape San Lucas) have 
less-pointed wing-tips than the northern, migratory populations: this is sub- 


stantiated by the agreement of several measurements testing the point. Also, 





TABLE 6 


VARIATION IN SHAPE OF WING-TIP IN SELECTED PoruLations oF Virbos 
Difference (expressed as per cent of wing 


4 


Species, locality, and length) betweer ngest primary and 
migration status 2nd Sth étr 


V. flavifrons*: New England r 16 
}. solitarius: 
New England 12 
British Columbia 12 
North Carolina : 
Southern California 
Arizona 
Sonora 
Cape of Baja California 
Guatemala 
. philadelphicus* : 
New England 
. gilvus: 
New England 
Cape of Baja California 
Sonora 
. olivaceus* : 
British Columbia 
Panama 
Brazil 
. hypochryseus: 
Western Mexico 
. griseus: 
New England 
Central America 
Cuba 
. carmioli: Costa Rica 
’. atricapillus: Texas 
. huttoni: 
British Columbia 18 
California 17 
Cape of Baja California 18 
Morelos 18 


‘ 
é 
‘ 





* Species lacking the outermost primary 

1 This table represents an attempt to measure geographic variation in the shape pointed 
to “blunt’’) of the wing-tip within some of the species of Vireo. The difference between the 
longest primary and the designated primaries (counting from outside to inside) is expressed as 
per cent of the mean wing length of the sample (five or more male specimens) measured. Thus 
a “pointed’’ wing-tip will have increased percentage values. Resident species or populations 
are indicated by “R”; migratory forms are indicated by “M” with ‘“‘sM” indicating short 
distance migrants for intraspecific comparisons only 
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within J. solitarius. intermediate values for pointed wing-tip are character- 


istic of populations (e.g.. those breeding in Arizona) having shorter migratory 


distances than the northern breeding populations. Exceptional to this rule, are 


the populations of J. solitarius breeding in the southern Alleghenies (alticola 
segment) and wintering on the coastal plain of the southeastern United States 
these populations have more pointed wing-tips than would be expected for 


populations approaching resident (see Fig. 1) status 








— 
4 
vi 


Fic. 4. Relation between wing length and bill lengtl 
nated by stars), | 


dots). Note the 


within Vireo solitarius (desig 
gilvus (designated by triangles), and |. huttoni (designated by black 


and bill length for intra 
tendency for populations of J 


positive correlation between wing and inter 
specific comparisons and the 


huttoni and J 
have relatively longer bill lengths with increased wing length (see 


Dashes represent lines of equal bill/ wing 
tions of TV. Auttoni and | 


gilvus to 
Tables 2, 3, and 4) 
ratios. Dotted lines connect sympatric popula 
gilvus from the same locality A, southern British Columbia; 


B, Cape Region of Baja California; C, Senora, Mexico 


Vireo griseus, |. olivaceus, and, less clearly, V. gilvus also show this intra 
specific tendency for migratory populations to have more pointed wing-tips. 
In the species (or superspecies | I}. griseus, the endemic. allopatric represen- 


tatives resident to islands of the Caribbean have more blunted or less pointed 


wing-tips than the populations resident to the mainland of Central America 


(compare, in Table 6, wing-tip data for Cuban and Panamanian representa- 
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tives of this complex). This may be due to the longer and stronger isolation 
of the insular forms from gene-flow as compared to mainland populations. 
Supporting these observations on the adaptive nature of the wing shape is 
the lack of variation in wing-tip in resident populations of }. Auttoni; all 
these populations have (Table 6) a uniform condition in the wing-tip as 
shown by the consistency of four measurements. 

Comparisons between species..-That migratory species have more pointed 
wing-tips than resident or less migratory species appears general (Table 6) 
for the genus and confirms the early work of Averill (1925): I have sug- 
gested elsewhere (Hamilton, 1958MS) that the loss of the functional tenth 
(outermost) primary might have evolved independently in each of three 
species groups as an adaptation for extensive migration. Comparing the 
nine-primaried species V. flavifrons and V. philadelphicus with their ten- 
primaried, sister species, respectively, |. solitarius and JV. gilvus, it is seen 
(Table 6) that each nine-primaried species has a more pointed wing-tip than 
its ten-primaried sister species. Both |. flavifrons and }. philadelphicus are 
monotypic, completely migratory species having breeding quarters only in 
eastern or northeastern North America whereas |’. solitarius and |. gilvus 
are polytypic, widespread species with breeding quarters throughout North 
and Middle America. 

It is sometimes stated that migratory species have longer wings than resi- 
dent species (see Dilger, 1956:178) with the underlying implication that a 
longer wing (through a lengthening of the wing-tip?) is necessary to carry 
a wing load twice yearly over a migration route than a wing supporting an 
equivalent load at a resident status. There is little indication that the migra- 
tory species of Vireo always have longer wings than resident species, although 
it is difficult to evaluate this because of the divergent effects of strong isola- 
tion on wing length in insular representatives of superspecies. | ireo atrica- 
pillus and V. philadelphicus are two completely migratory species which have 
shorter wing lengths in comparison to the nonmigratory populations of (say } 
V. solitarius and V. olivaceus. An adaptation for longer wing in response to 
migration could mask, as stated above, expressions of climatic adaptation of 
body size (as indicated by wing length). For the species of Vireo there is 
little evidence for this. Here, it is interesting to compare, for V’. solitarius, 
the data of Table 6 with those of Figure 1: it will be seen that the shortest 
wing lengths are from resident populations of the Guatemalan region or the 
highly migratory populations of northern United States. The largest wing 


lengths are from populations in northwestern and central Mexico which are, 


respectively. short-distance migrants and resident populations. The popula- 
. £ I I 


tions of V. gilvuus show a comparable relationship. 


In summary of this section on variation in wing shape, it is evident for 
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the genus J ireo that migratory species or populations have more pointed 


wing-tips than their resident equivalents. There appears for the genus no 
noticeable conflict between this rule and climatic adaptation of body size 
(as indicated by wing length) at the intraspecific level, with the possible 
exception of V. olivaceus (discussed above. p. 320). Since populations which 
are short-distance migrants have wing-tips intermediate in shape between 
those of conspecific, migratory and resident populations. it would appear that 
a pointed wing-tip represents an adaptation for strong migration. “Strong 
migration” is a vague term in need of clarification; whether a pointed wing 
is an adaptation for long-distance flight and support of wing load or an 
adaptation for rapid or more efficient flight remains uncertain. No tenden- 
cies for a longer wing associated with migration are present for comparisons 
between spe les, 
VARIATION IN TalIL LENGTH 

The meaning and evidence of intraspecific variation in tail length within 
avian species is not clear. Since the tail feathers are not vascularized or 
important for heat dissipation, it would be difficult to see a response to cold 
temperature in the manner of Allen’s rule even if there were evidence for 
decreased tail lengths in the colder regions within species. There is virtually 
no evidence of this: in fact. Snow (19544a:23) has demonstrated for some 
species of Parus a marked tendency for populations in the coldest parts of 
a species range to have relatively longer tails. 

For intraspecific variation in tail length in the genus Tireo, there is (as 
expected) a positive correlation (see Figs. 5 and 7) between tail and wing 
length within all species for which sufficient data were available. Considering 
geographic patterns of variation. there is no evidence for a relatively longer 
or shorter tail being independently related to climatic conditions within the 
genus. In that most of these species are residents of or migrants to the lower 
latitudes, this observation might be expected. However. the resident popula- 
tions of |. huttoni might be expected to show clinal tail length values in 
response to climatic changes. Indeed, the smallest tail length values of this 
species are from populations resident in southwestern British Columbia, but 
here, scatter diagram analysis (Fig. 5) reveals a positive relation with wing 
length for all the populations of the species. Also, for comparisons between 
species, the direct relation between tail and wing length is apparent. 

In his study of intraspecific variation in Junco, Miller (1941:357) found 
a close and direct relationship between tail and wing length, and Vaurie’s 
analysis (1953:465) of variation in the Muscicapini indicates the same. My 
examinations (by scatter diagram analysis as in Fig. 5) of tail and wing 
length data from some studies of intraspecific variation in North American 


species indicates, as expected, a positive relationship between tail and wing 





332 THE WILSON BULLETIN 


length: in these various species, aberrant values are from populations show- 
ing. clearly, the effect of strong isolation. Lunk’s (1952:13) analysis of 
variation in tail/wing ratio within the Carolina Chickadee (Parus caroli- 
nensis} and the Black-capped Chickadee (P. atricapillus) clearly shows this 
positive relationship between the two characters and demonstrates a tendency 
for the populations with longer wings to have larger tail/wing ratios: this 
suggests that with a larger body size (as indicated by wing length) there may 
occur a relatively longer tail. Moreau (1955:336) finds the same increase 
in tail/wing ratio (relative tail length) with increase in wing length in the 
African Zosterops complex. Snow (1954a:23) presents data for intraspecific 
variation in relative tail length for three species of Parus, indicating a tend- 
ency (both within and between species) for increased relative tail length in 
the colder regions of the Palearctic. He states that a long tail is an adaptation 
to cold climate. He cites. however. only values for tail/wing ratios: scatter 
diagrams of his data for absolute tail length and wing length might show the 


tendency for relatively longer tails with increase in wing length. 








_ 
“4 «e@ 


Ta ENGTH (MM 


Fic. 5. Relation between wing and tail length within V. solitarius (designated by 
stars), |}. gilous (designated by triangles), and }. huttoni (designated by black dots). 


Note the positive relation between wing and tail (see Tables 2, 3, and 4). 


This direct relationship between tail and wing length within the species of 


Vireo and other avian species is expected; with a change in body size, there 


is a corresponding change in tail length necessary for maintenance of body 


proportions and proper mobility of the organism. Also, in some cases there 
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appears to be an allometric relation for a relatively longer tail associated with 


the larger body size (? in the meaning of Huxley, 1932:204-216). However. 
since adaptation represents a compromise between various selection forces. 
modifications or suspensions (such as found by Snow?) of an “allometric 
effect™ would be expected. Thus intraspecific variation in relative tail length 
may be determined—in part——by variation in body size and may not repre- 
sent (in lower latitudes?) the direct response of an external appendage to 


the selective forces of the climate. 


VARIATION IN Bitt LENGTH 


An attempt to explain the observed variation in relative bill length (bill 
wing ratio) within the species of Vireo in direct relation to cold temperature 
(Allen’s rule: see Mayr, 1942:90) was not satisfactory for most species. 
Because migration to warmer climates for the off season is characteristic of 
most species or populations breeding in the high latitudes, an absence of cli- 
matic adaptation for some characters may be expected. Discussing such 
problems, Rensch (1952:141) has pointed out that characters changing in 
correlation with environmental gradients will be more pronounced in species 
or populations exposed to the severe winters of the higher latitudes rather 
than to the winters of the tropical regions. The species of Vireo (for which 
data are available) all show (see Figs. 4 and 6) the expected positive rela- 
tionship between bill and wing length much the same as for tail and wing 
length (Fig. 5). It is not the purpose of this paper to go into a detailed 
discussion of variation in bill length: however, some comments on variation 
in relative and absolute lengths seem appropriate. 

Vireo solitarius.—In this species (see Table 2), the shortest bills are found in popula 
tions resident to the Guatemalan region and from populations breeding in northern 
United States and migrating to Middle America for the winter. The longest bills are 
from populations breeding in northwestern Mexico and wintering in central Mexico 
The next longest bills are from populations that winter on the coastal plain of the 
southeastern United States (see Fig. 1). In that these populations are probably exposed 
to lower winter temperatures than populations of other segments of the species (such 
as the resident montanus segment in Guatemala). a larger absolute and relative bill 
length here indicates a marked conflict with Allen's rule. Examining the scatter diagram 
(Fig. 4) for bill and wing length in this species, a direct (but not strong) relation is 
observed. The resident populations (/ucasanus segment) of the Cape region of Baja 
California have divergent values (absolute and relative) for bill length in parison 
to populations of other segments of the species. 

Vireo gilvus and |. huttoni.-In both these species, variation in bill length Fig 
t and Tables 3 and 4) is positively correlated with wing length with a tendency for the 
populations within each species to have relatively longer bills (larger bill/ wing ratios) 
In examining Fig. 4, it is of interest that the population (victoriae segment) of |}. gilvus 


from the Cape region of Baja California represents a clear departure from the pattern 
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of variation for that species. The dotted lines in Fig. 4 connect populations from each 
of these two species which are taken from approximately the same locality. In each of 
these three examples there is a marked difference in bill and wing relation between 
sympatric populations of the two species. However, the populations of the two species 
taken from the Cape region of Baja California have approximately the same wing length 
(and, presumably, same body size); here, the bill lengths of the two populations are 
noticeably different with the population (victoriae segment) of V. gilveus showing diver- 
gence from the scatter-diagram distribution of points. The Cape of Baja California is 
the only locality to my knowledge where these two species are sympatric and resident 
throughout the year. At least for mainland areas, the habitats of V. huttoni (evergreen 
oak) and V. gilvus (riparian broadleaf) are well separated, although often contiguous 
Unfortunately, little is known about the habitat distribution of the vireos in this isolated 
region at the Cape of Baja California, and the suggestion that interspecific competition 
may have been responsible for the larger bill of the local population of V. gilvus is 


only speculation. 








MM 


Fic. 6. Relation between wing and bill length within the semispecies |}. griseus (first 
seventeen populations of Table 1 designated by stars) and the superspecies }. olivaceus 
(designated by black dots, see Table 5). Note the weak, positive correlation between 
wing and bill and the tendency for North American populations (enclosed by dotted 
lines) to have relatively smaller bill lengths. 


V. griseus and V. olivaceus.—Scatter-diagram analysis for each of these two species 
or two superspecies (see Fig. 6 and Tables 1 and 5) reveals the expected (but weak) 
direct relation between bill and wing length except for the populations breeding in 
North America. The strongly isolated, insular representatives of the Caribbean area 
show the tendency for insular populations to have greater wing lengths and relatively 
longer bill lengths (see Murphy, 1938). In both species, the populations breeding in east- 
ern and northern North America have shorter bills than would be expected for their wing 


lengths. Superficially, this appears as a manifestation of Allen’s rule; however, these 
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griseus and |. olivaceus migrate to Central and South 


northern-breeding populations of J 
have no satisfactory explanation for this 


America, respectively, for the off season. | 
phenomenon. Earlier in this paper (p. 320), 


migration and climate of winter quarters) clinal 


1 discussed the unexpected (in terms of 
increase in wing length toward the 


higher latitudes in |. olivaceus. It may be that wing length is “longer” in the higher 
The difficulties of interpreting appendage 


latitudes rather than bill length is “shorter.” 
(such as wing length) is 


lengths when expressed as percentages of other appendages 
readily seen here (see Amadon, 1943:165). 

In summary of this section, bill length is positively correlated with wing 
length as would be expected. Modifying this relation in V’. griseus and V. 
olivaceus (as superspecies) is a tendency for the populations breeding in 
North America to have smaller relative bill lengths; since these populations 
are migratory, it would be difficult to interpret this condition as an action 


of Allen’s rule. Within several species (}’. huttoni and J. gilvus), there is 


MM 
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Fic. 7. Relation between wing and tail length within the semispecies }’. griseus and 
the semispecies V’. olivaceus (see Tables 1 and 5). Note the weak. positive correlation 


between wing and tail 


an indication of an allometric relationship with the populations of larger wing 
lengths having larger relative bill lengths; the same appears to be true for 
comparisons between some species. For the genus lireo, Allen’s rule does 


not seem to be important as a factor in climatic adaptation. 


GEOGRAPHIC VARIATION IN COLOR 


The characteristic pigments of vireos are melanin (gray) and lipochrome 
(yellow) which occur primarily in the dorsal and lateral (side and flank) 
feathers. An absence of pigments from the feathers of the throat and breast 
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and/or belly and under tail coverts occurs in many species. Varying degrees 
of deposition of melanin and lipochrome are responsible for the coloration 
of the back feathers, which may vary from yellow to yellow-greenish to gray 
in different species. Melanin is the predominant pigment in the wing, tail, 
and head feathers. Species characters. such as eye-stripes, eye-rings, and 
wing-bars, usually are white, representing an absence of pigment, although in 
several species (J). griseus and JV. flavifrons) the feathers of the eye-rings 
are yellow, showing clearly an absence of melanin in comparison to othet 
feathers of the head. 

Black coloration occurs in the crown and auricular feathers of |. atrica- 
pillus, a species restricted to warm, arid regions. The two species showing the 
most intense yellow coloration (as a character not varying geographically } 
are IV’. carmioli and V. hypochryseus. Vireo carmioli is a thicket-foraget 
restricted to the cool, moist highlands (8.000 to 10.000 ft.) in Costa Rica and 
western Panama. Vireo hypochryseus is endemic to western and southwest- 
ern Mexico and occurs in broadleaved woodlands of the tropical deciduous 
vegetation zone. Brown and red pigments are rare among the species of the 
genus, with rufous or cinnamon coloration appearing in the feathers of I. 
bairdi on Cozumel Island. 

Intraspecific variation in color. For the wide-ranging species of the genus. 
intensity of color or pigment deposition increases with environmental humid- 
ity in concordance with Gloger’s rule. The adaptive significance of such a 
phenomenon is unknown. In that most Vireo species of North American 
distribution are migratory, a study of color variation in relation to humidity 
is hampered by a lack of knowledge of the climate of the wintering quarters 
of migratory populations. 

In V. solitarius, melanin deposition in the back. rump, and wing feathers 
is most intense in populations of cassinii, solitarius, alticola, and montanus, 
which are restricted (except southern breeding populations of cassinii seg- 


ment) to relatively humid regions throughout the year, in comparison to the 


“paler” segments occurring in the interior of the continent. Of the four “dark” 


segments, the populations of solitarius and alticola have “bluish” crown 
feathers which are noticeably darker than those of cassinii and montanus. 
Populations of JV. solitarius from the Cape region of Baja California 
(lucasanus segment), southwestern United States (plumbeus segment), and 
northwestern Mexico (pinicolus segment) have pale colorations (light mela- 
nin depositions) and are listed here in order of decreasing darkness of the 
back feathers. Populations of the pinicolus segment are the lightest in color 
and are restricted to northwestern and central Mexico throughout the year, 
an area that is the most arid of the regions in which populations of V. soli- 


tarius occur. Populations of the plumbeus segment, although wintering south 
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to central Mexico, breed from Wyoming through the Rocky Mountains to 
western Mexico: thus they are not subjected to the summer aridity of north- 
western Mexico (as those of the pinicolus segment) or to the humidity of the 
Pacific coastal region (as populations of cassinii}. Populations endemic to 
the Cape region of Baja California (lucasanus segment) are resident through- 
out the year, and, although restricted to a climatically arid region, occur in 
an area of high relative humidity (in comparison to the Mexican mainland 


at that latitude) due to the maritime position of the Cape (Dr. C. F. Brooks. 


pers. comm.). Correspondingly, these populations are slightly darker than 


the other two “pale” segments. Populations of |. s. repetens of central 
Mexico have not been discussed because of a lack of comparative material. 

This geographic pattern of variation in melanin is generally the same for 
other polytypic species of Vireo having wide. continental distributions. |} treo 
gilvus, with a geographic distribution similar to that of V’. solitarius, has 
essentially the same expression of Gloger’s rule except for the populations 
restricted to the ( ape region of Baja California (|. g. victoriae)} which are 
unexpectedly lighter in coloration. Vireo olivaceus. |. bellii, and |. griseus 
show little expression of Gloger’s rule for melanin variation. | am _ not 
familiar with the coloration of the pallens segment of the |. griseus complex. 

Yellow pigment was found in V. solitarius, |}. huttoni, and |}. gilvus to be 
increased in the back and lateral feathers in populations breeding in humid 
regions. and decreased in intensity of deposition in the populations or seg- 
ments restricted to arid regions of the interior. For continental populations 
of FV. olivaceus. V. bellii, and V. griseus the same was true, although less 
markedly for the latter two species. In |. soiitarius, the populations breeding 
in eastern North America (solitarius and alticola segments) have brighter 
vellow flank feathers in comparison to populations of other segments (that is. 
montanus of the Guatemalan region) occurring in humid areas. 

In summary, melanin and lipochrome are the predominant pigments within 
the genus | ireo. The polytypic species with wide. continental distribution 
show variation in color (intensity of both pigments) in agreement with 
Gloger’s rule. At the sper ies level. no correlation between color and the 
inhabitation of a particular climate is apparent. Yellow pigment appears to 
be a labile character in the genus, occurring within species as an expression 
of Gloger’s rule and occurring in different species as a species character not 
varying geographically. The presence or absence of pigments appears to be 
one method that selection has utilized for species recognition characters in 
the external morphology. The only evidence for coloration of species or 
populations blending with the habitat or environmental background is the 
general “greenish” hue in many species which is fairly similar to that of 


the foliage of the species’ habitats. 
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INTERSPECIFIC RELATIONSHIPS 


Since the results of a study of species relationships in the genus Vireo are 
being prepared for publication separately, an account of the habitat prefer- 
ences and possible interspecific relations of all the species will not be pre- 
sented here. However, in the course of the study it was possible to postulate 
in several cases the species which probably gave rise to other species also 
now existing. Vireo griseus on the mainland of eastern North and Middle 
America appears to be the only mainland species (other than J’. olivaceus) 
which has successfully colonized the islands of the Caribbean. Some of these 
island representatives are still fairly similar to mainland forms both in 
morphology and ecology: however. on some of the islands there are “diver- 
gent” representatives (e.g.. V. oshburni and V. nanus). These examples demon- 
strate clearly that populations become isolated from the parental body of 
populations and undergo speciation and divergence. This speciation process 
may or may not result in modifications of the morphology and/or general 
ecology. For the species of Vireo, the modifications (here “modification” is 
used in comparison to the parental species) of morphology are of two general 
types: first, changes in species characters, such as emphasis or loss of colora- 


tion (change in intensity), eye-rings. and wing-bars or. second and more 


rarely within the genus, a change in bill structure associated with change in 


feeding ecology. 

Among the members of the genus on the mainland of North and Middle 
America, there is an example of the possible origin and divergence of one 
species from another resulting in two species which are now sympatric; since 
so little information is available on the factors promoting the divergence of 
continental species, | am offering——in the following paragraphs —a postulated 
origin of V. flavifrons from V. solitarius in terms of their morphological 
characters, ecological relations, and geographic distributions both in breeding 
and wintering quarters. Part of this discussion is concerned with the hypo- 
thetical results of interspecific competition; for accounts of the meanings 
and evidence for competition the reader is referred to Gause (1934) and the 
various papers of Lack (particularly 1944). 

Vireo solitarius—This species is a ten-primaried, polytypic species having a broad 
breeding distribution throughout forested North and Middle America; it has a wide 

s £ 
habitat tolerance (in comparisons with other members of this genus) with the various 
populations utilizing broadleaved or mixed broadleaved-conifer habitats for foraging in 
both crown and understory layers. All populations of the various geographic segments 
of this species have white eye-rings, white wing-bars, and white ventral feathers. The 
species demonstrates geographic variation in color in accordance with Gloger’s rule with 
populations (pinicolus segment) breeding in northwestern Mexico showing almost a 
complete absence of yellow pigment. Populations from northeastern (solitarius segment) 


and southeastern (alticola segment) Uniied States have yellow flank feathers and show, 
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in the dorsal feathers, a marked decrease anteriorly in yellow pigment resulting in an 


appearance of a yellow-greenish rump blending into a grayish color for the back. The 


other component of the back coloration, melanin, increases anteriorly giving a “bluish” 
color to the crown, nape, and auricular feathers. Populations of this species from other 
segments (e.g., montanus in Guatemala) restricted to humid regions fail to show such 
intense yellow flank and rump feathers or dark crown feathers 

Vireo flavifrons.—This species is sympatric with the “blue-headed” populations (soli- 
tarius and alticola segments) of |. solitarius; in their region of geographic overlap 
(either in breeding or wintering quarters) these sympatric species are always separated 
by habitat. The breeding quarters of }. flavifrons are restricted to the eastern United 
States and southeastern Canada; in the breeding quarters, this species is strictly a 
crown-layer forager of deciduous, broadleaved forests This species has a more 
pointed wing (Table 6) than |. solitarius, lacks a functional tenth (outermost) primary 
and has more distant winter quarters (south to Colombia and Venezuela) than any 
population of |. solitarius. Vireo ftlavifrons is monotypic, the various populations showing 


no appreciable variation in color. Yellow pigment is restricted to the anterior half o 
the body with bright vellow throat and breast feathers and vellow eve-rings being charac 
teristic of the species. In the dorsal feathers, yellow pigment increases anteriorly 
presenting the appearance of a yellow-greenish head and a grayish rump; the stomach 
abdomen, flank, and tail feathers have no yellow pigment 

Origin of Vireo tlavitrons Apart from the differences stressed above, the two species 
‘considering sympatric populations) are fairly similar in size and in expression of 
tical characters, such as eve-rings, wing-bars, and bill shape also, they are 


morpholo 
similar in that both are arboreal foragers, and Saunders (1951:165) has called attention 
to their similarities in song. In the systematic listings of the species of the genus, the 
two are always placed next to one another, and Bent (1950:285 286) has commented 
on their close relationship. Because of certain similarities and differences in the external 
morphology and in the ecology ‘cited below), | suggest that |}. flavifrons is derived 
from |. solitarius, and that upen coming into contact after spatial isolation there was 
selection on the populations of V. flavifrons for restriction of foraging position to mostly 
crown layers of broadleaved forests (ecological isolation) 

During the period of spatial isolation, the V. flavifrons isolate would have developed 
a certain genetic reorganization which was sufficient to provide effective reproductive 
isolation. An important point of this discussion is how much ecological and behavioral 
(expressed as morphological and/or vocal modifications) divergence occurred in }. flat 
frons while in isolation; from the examples of isolated representatives of the }. griseus 
complex in the Caribbean, it is apparent that some divergence (at least in plumage color 
ation and/or feeding ecology) may (or may not) occur while in isolation. The yellow 
throat and chest of V. flavifrons is a unique pigment pattern for the genus, and it might 
well function as an ethological isolating mechanism. Several aspects of this possibility 
should be discussed. First, since the two species are now separated by habitat, the 
differences in morphology (patterns of yellow pigment) between them cannot be serving 
now as ethological isolating mechanisms for the prevention of hybridization or competi 
tion. This, however, does not negate the possibility that at some time in the history of J 
flavifrons such morphological characters have effectively served as isolating mechanisms 

Second, if such a character as a yellow throat in V. flavifrons has acted as an isolating 
mechanism at some time in the past, did the acquisition of such a character occur during 
isolation or during early interspecific contacts with |. solitarius as a device (see Dob 


zhansky, 1940:316) for prevention of hybridization? Moore (1957:325-338) has criticized 
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the case for development of reproductive isolating mechanisms (as characteristics of the 
entire species) as devices for the prevention of hybridization; he points out that selec- 
tion may act for differences in the zone of overlap (but for prevention of competition 
rather than hybridization) and that this does not account for the occurrence of the 
same isolating mechanisms in populations of either species away from the zone of overlap 
and contact; finally, he is of the opinion (p. 337) that genetic divergence during isola 
tion “will involve differences that will also serve as isolating mechanisms.” The examples 
of “character displacement” cited by Brown and Wilson (1956:63) for animal species 
having greater differences in zones of overlap would represent, as they conclude, adaptive 
differences brought about .\by interspecific competition acting only on overlapping, sym 
patric populations. 

As stated above, |}. flavifrons and JV. solitarius are now almost completely separated 
ecologically, and it is extremely difficult to attribute beth the present ecological differ 
ences and the morphological differences (yellow throat in |}. flavifrons and yellow flank 
feathers in alticola and solitarius segments of V. solitarius) as results of interspecific 
competition. However, following Moore's thesis, | have assumed that upon coming into 
contact with V. solitarius, the populations of V. flavifrons probably had differences in 
external morphology (anterior shift in yellow pigment pattern resulting in yellow throat, 
eye-rings, and crown feathers) which were acquired while in isolation (divergence being 
facilitated by the small size of range of the isolate?; see below): this anterior increase 
in yellow pigment then would have provided characters capable of serving as effective 
ethological isolating mechanisms. (If, as suggested below, these two species were not 
ecologically separated at the time they established contact, then there also might have 
occurred selection pressures favoring intensification of the plumage modifications of 
V. flavifrons which, at that time, would begin to serve as isolating mechanisms; see 
Sibley, 1957:187.) While similar reasoning might be stated for the development of 
ecological differences between these two species, | shall argue in the following para 
graphs that these ecological differences should be attributed to interspecific competition 
(more accurately: to selection pressures for reduction of competition—see Brown and 
Wilson, 1956:60). 

It appears that for these two species of Vireo, selection has ultimately resulted in a 
separation of habitats rather than co-occupancy of the same habitat in achieving a 
sympatric relationship. If interspecific competition is considered a factor in this eco 
logical divergence, there is no need to postulate that there was a complete shift from 
initial habitat co-oceupancy to lateral separation of habitats (“spatial habitat sepa 
ration”). Since populations of both species occur in broadleaved forests in the breeding 
quarters, at the time of initial interspecific contact there might have been selection on 
populations of V. flavifrons for restriction of foraging positions to crown layers of the 
habitat (from initial contact to “stratal habitat separation”). Such a vertical, “stratal”™ 
segregation of habitats might not have been sufficient in keeping individuals of the two 
species ecologically separated; selection for utilization of adjacent broadleaved habitats 
(from “stratal” to “spatial habitat separation”) would have completed the ecological 
(and ethological?) separation of these two species. Supporting—possibly—this argument 
is the observation for the entire genus, that whenever sympatric species show a “stratal” 
segregation of habitats, the two species are each from different subgenera (and differ 
by the presence or absence of eye-rings and wing-bars). As discussed above (p. 313), 
this indicates that differences in relationships as well as habitat and/or niche require- 
ments are necessary before two species of Vireo can have overlap of their respective 


breeding and foraging positions. 
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Today there is no evidence that populations of |. flavifrons and JV. solitarius ever 
come into contact with overlapping, breeding territories in their breeding quarters in 
eastern United States, and, yet, the two sympatric species may occur as local (but 
separated) breeders inhabiting, respectively, broadleaved woodlands and mixed broad 
leaved-conifer woodlands (see Todd, 1940:476-478). There is some evidence that the 
populations of | flat irons undergo fluctuations occasionally i} Mavr pers. comm.) 
Bent (1950:286-287) discusses the shifts in “urban” populations of this species in New 
England, and Thornton (1951:424) has found this species breeding on the Stocktor 
Plateau of western Texas. /ireo flavifrons may be an “infant” species in the process 
of extending its breeding distribution 

Two other observations tend to support this postulated origin of |}. flavifrons. First 
a hybrid specimen (}. propinguus) with characteristics of bot! flavifrons and V. 
solitarius is known. | have recently examined the specimen at the U.S. National Museun 
and agree with Ridgway (1904:167) that the specimen is intermediate in wing structure 
and coloration between the two species; the noticeable intermediate characters 
very small outermost (tenth) primary, and the yellow breast feathers. The presence 
a hybrid individual verifies the close relationship and relatively recent separation of 
Iwo species 

Second, Lack has consistently emphasized that as a result of interspecific competition 
previously isolated species will develop ‘(or increase’) differences in ecology upor 
coming into contact Among the agencies furthering ecological divergence, the geo 
graphic separation of wintering quarters would appear effective as he (1944:273, 276 
has shown for sympatric species occurring (and breeding) in different habitats in 
England. The same appears true for sympatric populations of |. flavifrons and V. so 
tarius. The wintering quarters of |. flavifrons extend from Venezuela and Colombia 
north to Guatemala and southern Mexico. Populations of V. s. alticola winter in the 
lowlands of southeastern United States, and populations of V. s. solitarius winter from 
the coastal plains of southern United States south through eastern Mexico to the Guate 
mala- Nicaragua area. In the area of overlap of winter quarters, |}. flavifrons occurs in 
the lowlands and J}. s. solitarius is restricted to the highlands. In Guatemala, VV. flat 
frons is found in the lowlands and J. s. solitarius occurs in the mountains above 2,000 ft 
(Griscom, 1932:317-318). In El Salvador (Dickey and van Rossem, 1938:470), | 
flavifrons again occurs in the lowlands and V. s. solitarius is most abundant at 3,500 ft., 
but occurs as high as 8,500 ft. Away from the area of overlap of winter quarters, popula 
tions of VT. s. solitarius winter in the lowlands of eastern Mexico. Further south in 
Costa Rica (where TV. s. solitarius does not occur), populations of V. flavifrons winter 
in the mountains as well as in the lowlands (Carriker, 1910:781). I have no information 
on the winter habitats of |. flavifrons in northern South America. It would appear then 
that V. flavifrons (in its divergence from the parental V. solitarius) has extended its 
wintering quarters to be geographically separated from the parental species and that 
populations of the two species have an altitudinal separation of habitats in the region 
of overlap of winter quarters; whether interspecific competition is (or has been) a 
factor limiting or affecting the habitat distributions of these two species in the area of 
overlap of wintering quarters (as well as the geographical separation of off-season distri 
butions) can only by suggested and remains problematic. 

Finally, one problem remains to be discussed concerning the postulated origin of 
V. flavifjrons from V. solitarius. If competition has been operative in increasing the 
divergence of the two species, why did most of the adaptive change necessary for eco 


logical compatibility between the two species occur in V. flavifrons and not V. solitarius? 
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TO ’ 
It is probable that the separation (during the Pleistocene?; see Rand, 1948) of the 
isolate V. flavifrons occurred somewhere in the eastern United States. Of importance 
here might be the magnitude or size of the geographic breeding ranges of the parental 
species and the isolate; at the time of separation, V. solitarius would still have had a wide 
distribution of breeding populations throughout the remaining United States and Middle 
America. In a discussion of the evolutionary significance of gene-flow and the periph- 
erally isolated population, Mayr (1954:160-163) suggested that gene-flow from the 
interior of a species’ range acts to disrupt the tendency of peripheral populations to 
become adapted to local environments and that peripheral isolation may permit an 
isolate to acquire a new gene-complex adapted to its environment without being “annually 
disrupted by the infiltration of alien genes and gene-combinations.” His theory might 
be the solution to the problem presented at the beginning of this paragraph. Competi 
tion, as postulated for V. flavifrons and V. solitarius, would result in the action of 
natural selection on competing populations of both species. However, the competing 
populations of V. solitarius would still be recipient of gene-flow from conspecific popula 
tions (away from the area of sympatry with the isolate J. flavifrons) thereby diluting 
selective changes in the genotype for adaptive divergence. This would not be the case 
for the relatively smaller isolate V. flavijrons; these populations (all or a large component 
of the isolate gene pool) would be more likely to develop genotypes for modification 
of habitat preferences (and morphological change?) in adaptive response to the selective 
action of interspecific competition. 

This postulated example of morphological and ecological divergence of two 
related species may be summarized as follows: (1) Initial isolation and 
development of new gene-complex in the isolate V’. flavifrons. (2) In V. 
flavifrons while in isolation, morphological divergence which effectively 
serves as isolating mechanisms upon coming into contact with parental V. 
solitarius. (3) As a result of interspecific competition, restriction of habitat 
tolerance in V. flavifrons. (4) As a further ecological difference, extension 
of winter quarters in V. flavifrons for geographic (and altitudinal) separation 
from V. solitarius. (5) Correlated with No. 4, selection in V. flavifrons for 
wing modification (in response to long migration) resulting in a more pointed 


wing and loss of the functional tenth primary. 


SUMMARY 


l. The subdivisions of the genus Vireo are briefly discussed; apparently, 
selection has favored occupation of separate habitats rather than habitat co- 
occupancy for sympatric relationships. 

2. The migration patterns of the various species are delimited according 
to Salomonsen’s 1955 classification. 

3. Trends of intraspecific variation in wing length for the genus appear 
to be in conflict with Bergmann’s rule. Vireo solitarius, V. huttoni, and V. 
gilvus have the largest mean wing lengths in populations breeding in north- 


western Mexico. V’. griseus and V. olivaceus have smaller wing lengths (com- 


paring continental populations) in the humid, tropical regions. Evidence for 
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similar “aridity effects” (greater wing lengths in hot, arid regions and smaller 


wing lengths in hot. humid regions) for variation within other New World 


bird species is presented, 

4. Speculations are made concerning the adaptive significance of such an 
“aridity effect.” 

5. For both intra- and interspecific comparisons, migratory forms have 
more pointed wing-tips than resident forms. 

6. Intraspecific variation in tail length is positively correlated with wing 


length. 
The variation in relative bill length does not accord with Allen’s rule 


i. 
for climatic adaptation within the genus. 
&. Within the wide-ranging species of Vireo, variation in intensity of 
melanin and lipochrome supports Gloger’s rule. 
9. The relationship between |}. flavifrons and V. solitarius is analyzed; 
it is suggested that some of the ecological differences between the two sym- 


patric species may be attributed to interspecific competition. 
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TERRITORIAL BEHAVIOR OF WINTERING RED- 
HEADED WOODPECKERS 


BY LAWRENCE KILHAM 


tb RRITORIES of Red-headed Woodpeckers ( Velanerpes er ythrocephalus | 


were studied near Seneca. Montgomery County, Maryland, where a win- 


ter population was attracted to pin oaks (Quercus palustris) growing near the 
Chesapeake and Ohio Canal and the Potomac River. These woodpeckers 


appeared in September, 1956, and left in May, 1957. Their breeding grounds 


were unknown. The winter territories were small, well-defined, and repre- 
sented areas in which individual woodpeckers stored considerable numbers of 
acorns which they guarded in an aggressive fashion. This defense was well 
advertised. The striking colors of the Red-headed W ood pec kers. their “quirr, 
quirr,” notes which suggest those of a watchman’s rattle, and their pugnacity 
made them readily seen and heard. A previous communication (Kilham, 
19585) describes how these woodpeckers gather pin oak acorns, then conceal 
their stores from acorn-eaters, such as Blue Jays (Cyanocitta cristata) and 
Tufted Titmice (Parus bicolor), by sealing them in with pieces of bark and 
of wet, rotten wood. Two factors that enabled me to map out the storage 
territories in some detail were conflicts resulting from the aggressive behavior 
of the woodpeckers, and a particular patch of woods that offered unusual 
opportunities for observation. | made some initial studies in winter seasons 
from 1951 through 1953. More intensive observations involving all species 
of woodpeckers in the area, extending through 12 months of the year and 


including visits at dawn and at dusk, were made in 1956 and 1957. 


THE Stupy AREA 


Creek Wood (Fig. 1) was a patch of woods approximately 215 yards long 
and 95 yards wide which extended on either side of a small creek from a dirt 
road on its southern border. Fields surrounded the wood in other directions. 
This woodland of approximately } acres contained the winter territories of 
12 Red-headed Woodpeckers. Several features of terrain favored observa- 
tions (Fig. 2). First. the fields sloped toward the creek so that one could 
look into the woods at mid-tree elevation and, second. pasturage of cattle in 
summer gave the woodland an open, park-like character,:free of undergrowth 
and low limbs. Observations of territorial boundaries were further aided by 
the flashing of the black and white pattern of the Red-headed Woodpeckers 
against a background of grey, leafless trees. The trees were of medium height 
and consisted of pin oaks, ash (Fraxinus americanus}, and black locusts 
(Robinia pseudo-acacia). Red-headed Woodpeckers used dead elms and 


locusts for excavation of roost holes and for storage of acorns. I made addi- 
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tional observations on these woodpeckers in bottomlands along the canal. In 
this area, however. high, tangled woods and a flat terrain made delineation 
of winter territories almost impossible. 
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Fic. 1. Diagrammatic map of Creek Wood showing individual territories of 12 Red- 


headed Woodpeckers (RH = Red-headed Woodpecker; IMM. = immature bird.) 





PERRITORIALITY IN WOODPECKERS 


AGGRESSIVE BEHAVIOR 


Red-headed Woodpeckers are agile fliers and they were swift when attack- 
ing intruders on their territories. In between attacks they did much “bowing” 
and calling of “quirr” notes. The woodpeckers spread out their wings and 
tails and their calls became high-pitched when they were especially excited 
This latter display was evoked only by intruders of their own species. Birds 
intruding on the woodpeckers fell into related and unrelated groups ot 
competitors : 

{tracks on other spectes of wood pecker s. | saw Red-headed W oodpec kers 
attack and drive away all the other local species of woodpecker at one time 
or another. The Pileated | Dryocopus pileatus) and Hairy (Dendrocopus vil- 
losus} woodpeckers, and the Flicker (Colaptes auratus). however. were sel- 
dom present in Creek Wood. Yellow-bellied Sapsuckers (Sphyrapicus varius 
were eX¢ eptional in being tolerated. They hardly could be classified as 
competitors since they didn't eat acorns and they drilled holes from which 
Red-headed Woodpeckers took sap when it flowed. One Red-headed Wood- 
pecker (RH-7, Fig. 1) sometimes rested within a few feet of a sapsucker 
which made regular visits to a pin oak within its territory. Red-headed 
Woodpeckers concentrated their attacks on the two remaining species, the 
Downy (Dendrocopus pubescens) and Red-bellied (Centurus carolinus) 
woodper kers. I never observed that Downy W oodpec kers ate acorns but they 
doubtless incited Red-headed Woodpeckers by moving up and down over 
trunks and limbs where acorns were stored. The Red-bellied Woodpec kers. 
on the other hand, were real competitors. They not only gathered and stored 
acorns from pin oaks but also occupied the same habitats as the Red-headed 
Woodpeckers until the latter drove them out in the fall. The Red-headed 
Woodpeckers seemed to go out of their way to drive off a Red-bellied Wood- 
pecker, more so than for any other bird. On January 5, 1957, for example, 
| was in a field by Creek Wood when a Red-bellied Woodpecker. carrying an 
acorn in its bill, flew out from the territory of a Red-headed W oodpec ker 
(RH-10). RH-10 immediately pursued the intruder well out over the field. 
On January 26 I watched a Red-headed Woodpecker at the Dierson Wildfowl! 
Refuge fly over 100 yards. on two occasions, to drive a Red-bellied Wood- 
pecker from a fringe of trees along the Potomac. 

{ttacks on non-piciform birds..-Red-headed W oodper kers attacked Blue 
Jays and Tufted Titmice which, as elsewhere described (Kilham. 1958)). 
were their principal competitors for stored acorns. Another type of compe- 
tition was for holes in trees. Each Red-headed Woodpecker had one main 


roost hole within its territory and, not infrequently, a number of alternates. 


Competition for these holes began when Starlings (Sturnus vulgaris) appeared 
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in mid-January, the male Starlings flapping their wings and giving their 
screechy songs. Red-headed Woodpeckers were having little rest by the end 
of the month. They swooped back and forth with excited “quirrs.” Three or 
four Starlings would perch near a roost hole at one time or in relays. They 
were tough and persistent. A Red-headed Woodpecker might attack them 
again and again, occasionally hitting one with the full impact of a swoop, 
but the Starling involved would only shift its perch by a few inches. 

Two encounters may serve to demonstrate the intensity of this competition. On January 
26, 1957, a Red-headed Woodpecker struck a Starling directly and the two birds fell 
10 feet to the ground as they grappled together. | heard a yelp from one of them. The 
woodpecker flew up straight away, but | was unable to determine what happened to the 
Starling. On March 17, | was searching for RH-1 at 5:00 p.m. There was no sign of 
this Red-headed Woodpecker in its territory. Then I heard noises and scratches coming 
from RH-1I’s roost hole which was 12 feet up, at the base of a broken branch. When | 
threw a log at the tree RH-1 flew out followed by the Starling. A fight had gone on 
within the roost hole. As spring advanced, | never encountered an instance in which 
Starlings succeeded in dispossessing a Red-headed W ood pes ker. Red-bellied W ood pe ckers 
did not do so well. They were paired and were excavating nest holes in early spring 
(Kilham, 1958¢) at a time when Red-headed Woodpeckers carried on as single birds 
The Red-bellied Woodpeckers fought, but all eight pairs under observation lost out in 


the face of Starling competition. 
DETERMINATION OF TERRITORIAL BOUNDARIES 

Creek Wood was occupied by 12 Red-headed Woodpeckers. On repeated 
week-end visits | observed that these woodpeckers rarely made excursions 
outside of the woodland, and that they remained close within individual areas. 
It thus became apparent that the borders of Creek Wood were natural bound- 
aries for many of the Red-headed Woodpeckers. Accordingly I concentrated 
on the problem of determination of territorial boundaries lying within the 
woodland. Observations made for this purpose over a number of months fell 
into the following six categories: 

(A) Recognition of individual Red-headed Woodpeckers was of imme- 


diate importance. How could one be sure that the same bird was in the same 


territory each week? Close observation indicated that individual Red-headed 


Woodpeckers may have natural markers. Three of the 12 woodpeckers, for 
example. were immature birds with black bars on their white primaries. The 
pattern of these bars varied among the individuals. Furthermore, one of these 
immature birds, even in the fall, had a red head and a black back whereas 
the other two were dull and brownish until the following April. The nine 
remaining woodpeckers had adult plumage but each had traits of behavior 
which became recognizable on prolonged observation. RH-5, for example, 
bowed incessantly, whereas RH-2 would swing in and out of its roost hole 
many times before entering at dusk. Of more general value in recognition 
was the fact that each Red-headed Woodpecker had certain resting places, 
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as well as anvils for pounding acorns, to which it would return on repeated 


occasions, 
(B) Each Red-headed Woodpecker had a roost hole within its territory 


and would, with few exceptions. return to it on successive nights. | made 


my most prolonged observations on RH-2. This wood pec ker entered its roost 


hole, which was 15 feet from the ground in a dead locust stub, at 5:10 p.m. 
on November 11, 1956. The bird remained inside as the sun set. At 4:45 
p.m. on November 24 it disappeared in the same roost hole. On two other 
dates, December 22. 1956, and May 2, 1957, | watched RH-2 fly from its 
roost hole as the woods grew lighter after dawn. Thus one Red-headed Wood- 


pecker used the same roost hole for six months. 


as seen from south corner looking northward (Territory RH-5 


‘) Observations on individual Red-headed Woodper kers indicated that 
they usually flew only short distances, for such purposes as carrying an acorn 
from one tree and re-storing it in another or taking it to an “anvil” to break 
it in pieces. One could learn much concerning which trees were within the 
territory of any one individual by noting the extremes of such flights. Divid- 
ing lines between territories were, for the most part, sharp and definite. RH-9 
not infrequently flew straight down along its northern boundary without 
disturbing its neighbor, RH-3, which might be only a short distance on the 
other side. RH-5 and RH-11 visited the same black walnut (/uglans nigra) 
to get sap from sapsucker holes. The two woodpeckers might cling to dif- 
ferent branches only 10 feet apart, each returning, on separate occasions. to 


the same group of holes. This peaceful behavior was noteworthy, for any 


gr 
trespass of one Red-headed Woodpecker onto the territory of another usually 


led to considerable commotion. 
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(D) Territorial conflicts between Red-headed Woodpeckers were rare. 
When they did occur, however, one wondered if all of the Red-headed Wood- 


peckers in Creek Wood didn’t join in with excited “quirrs” even though only 


a few of them were immediately involved. On December 16, 1956, for 
example. | saw a flash of black and white as one of the woodpeckers sud- 
denly flew the length of the wood. This Red-headed Woodpecker on the loose 
flew over the territories of RH-12, RH-9, and of RH-2 (Fig. 1). Each of 
these latter woodpeckers attacked the intruder in succession as it passed over 
their respective boundaries. affording in the attacks an impressive demon- 
stration of territoriality. 

(E) Conflicts between Red-headed W oodpec kers and titmice or Downy 
Woodpeckers were common and gave more frequent demonstrations of bound- 
aries than the intraspecific conflicts described above. On December 16, 1956. 
| was standing on the boundary between territories of RH-3 and RH-9 when 
the latter woodpecker flew up to within 20 feet of me as it drove some titmice 
from its territory. The titmice now excited RH-3. which flew down from a 
distant perch to attack the invaders in its turn. When the titmice. continuing 
on their passage through the wood, crossed into RH-2’s territory, they were 
attacked for a third time. Thus I had watched three Red-headed Woodpeckers 
defending their territories in an aggressive fashion. All carried their attacks 
on the titmice up to but not beyond their respective boundaries. 

Downy Woodpeckers usually passed through Creek Wood singly and were 
not easily driven away. I even came to think that one of them had become 
adjusted to repeated attacks. 

On December 22, for example, | was standing on the boundary between the territories 
of RH-2 and RH-9 when RH-2 swooped at the Downy Woodpecker three or four times 
almost hitting it. The smaller woodpecker, however, dodged around its tree trunk and 
continued hammering. It finally flew to an ash tree above my head. RH-2 pursued it 
but, seeing me, stopped at a distance and began to “quirr.” RH-9 now approached from 
the opposite side. | was now in between two Red-headed Woodpeckers with the Downy 
Woodpecker above me. The way the Red-headed Woodpeckers kept bowing their heads 
and clinging to awkward perches suggested that both were disturbed by the presences 
of the smaller woodpecker. The Red-headed Woodpeckers never paid any similar atten 
tion to my presence alone. Another episode took place two days later. The Downy 
Woodpecker again came to rest over my head after being chased in succession by RH-12, 
RH-11, and RH-5. I was standing on the edge of RH-8's territory. This Red-headed 
Woodpecker was obviously excited but it appeared afraid to come closer. The Downy 
Woodpecker now worked above me, undisturbed for 15 minutes. It was attacked imme 
diately when it flew away. I wondered whether the Downy Woodpecker in a trial and 
error process had found that the area above my head afforded a temporary refuge. 

(F) A fresh fall of snow in January afforded an opportunity to verify 
the boundaries which I had sought to establish by the various methods 
described above. By tramping trails around each conjectured territory | was 
able to convert Creek Wood into a map not unlike Figure 1. Conditions were 
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ideal for observation. The Red-headed Woodpeckers, with their striking color 
patterns and resounding “quirrs” flew back and forth in the gamut of their 
activities against a background of bare trees and white snow. The bound- 
aries were much as on previous days, but | was able to map out more sectors. 


Some few zones where little happened were difficult to determine. Figure 1] 


represents the situation in a general way and shows that the Red-headed 


Woodpeckers were crowded together in relatively small territories. Larger 
territories may not have been desirable from a woodpecker’s point of view 
for they would be more difficult to defend. Another consideration was that 
territories had vertical as well as horizontal dimensions. and an abundance 
of dead locust trees with rotted-out centers providing storage space may have 
heen of greater importance than mere area. The three immature woodpeckers, 
RH-1. RH-4. and RH-10 (Fig. lL) appeared to oct upy the least desirable terri- 
tories. Those of RH-4 and of RH-10 were especially large as well as being 
relatively devoid of dead trees. One might speculate that experienced adults 
would occupy smaller, more defensible areas if the trees were suitable. It was 
of interest from this point of view that nearly all the adult Red-headed Wood- 
peckers in Creek Wood were bunched in territories east of the creek where 
the dead locusts were located. Locations of roost holes gave corroborative 
evidence of this situation. All the Red-headed Woodpeckers, for example, 
which inhabited the easternmost territories, roosted in locust stubs (RH-2, 
RH-3. RH-5, RH-8, RH-9, RH-11. and RH-12: Fig. 1). The remaining five 
woodpeckers, of which three were immature birds, oc« upied the western por- 
tion of Creek Wood. Here four roosted>in dead elms and the fifth in a 


black walnut. 


EXCEPTIONAL TERRITORIAL BEHAVIOR 


\ remarkable feature of the Red-headed Woodpeckers in Creek Wood was 
that they almost never left its borders while in residence. RH-1 and RH-10, 
both immature, would make occasional sorties to catch insects in an adjacent 
field in favorable weather. RH-4, also an immature bird, was the most excep- 
tional of the Red-headed Woodpeckers in regard to wandering, as | first 
discovered on November 24, 1956. when I could not find it in its territory 
by the roadside. The woodpecker was still missing a week later. A constant 
succession of birds of various species were coming to plunder the stores of 
acorns which RH-4 had hammered into crevices of a dead elm. The elm came 
to resemble a large feeding tray. Titmice were the most frequent visitors but, 
to my surprise, White-throated Sparrows (Zonotrichia albicollis) came up at 
dusk to feed on bits of acorn. Two Red-bellied Woodpeckers made repeated 
visits .o remove acorns, occasionally encountering a Red-headed Woodpecker, 
RH-7. which would drive them away. RH-7 also took acorns but showed no 
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disposition to take over any of the vacated, neighboring territory. This was 
an example of the conservatism of the Red-headed Woodpeckers, none of 
which, as far as I could observe. ever changed its boundaries once these 
had become established. RH-4, the wanderer, suddenly reappeared after an 
absence of two weeks. It remained in Creek Wood until early spring, appar- 
ently compensating for its lost acorn stores by flying out after insects when- 


ever possible. 


SPRING AND DEPARTURE 

The Red-headed Woodpeckers showed few signs of a breeding urge until 
the season was well advanced. Whereas Red-bellied Woodpeckers were drum- 
ming, calling. and forming pairs by the end of January (Kilham, 1958c), 
March 24, 1957, was the first day on which I saw a Red-headed Woodpecker 
drumming. The drumming came in bursts of about one second’s duration and 
was repeated two or three times. Many of the Red-headed Woodpeckers 
seemed never to drum and I presumed these were the females. since female 
Red-bellied Woodpeckers are known to drum rarely. Conversely, other indi- 
vidual Red-headed Woodpeckers, presumably males, drummed with increas- 
ing frequency. 

On April 20 I heard a new note which I had not heard previously. This 
was a sharp “quee-ark.” The calling of “quee-ark” and the drumming now 
became common. At the same time one observed that one woodpecker might 
fly into the territory of another and be tolerated. RH-6 did much calling and 
drumming. Since other woodpeckers seemed to come to his territory, rather 
than vice versa, | wondered if he were not a male and the visitors females. 
All the immature Red-headed Woodpeckers had assumed adult plumage by 
the latter part of April. With these various developments | began to wonder 
whether some of the Red-headed Woodpeckers might not stay to nest in 
Creek Wood. In spite of their new activities, however, the Red-headed Wood- 
peckers were still spending most of their time within their own territories, 
and even at the end of April continued to feed on their stored acorns. Theit 
departure from Creek Wood came rather abruptly. On May 2 I could find 
only three Red-headed Woodpeckers and on May 5 | saw the last one. On 
that final day RH-6, still aggressive. drove away a Red-bellied Woodpecker. 


SUMMER 
Creek Wood seemed deserted after the departure of the Red-headed Wood- 
peckers. Toward the end of May, 1957, a pair of Red-bellied Woodpeckers 
had moved in and were obviously preparing to nest. | was away in June, but 
through July and August I made repeated visits to observe the Red-bellied 


Woodpeckers and the three young ones which they had raised. No Red- 


headed Woodpeckers were seen in these months, either in the wood or along 
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the canal. There was none on August 31, when | again searched through 
Creek Wood. On the following day. however. | caught a glint of sunlight on 
white. A Red-headed Woodpecker had returned. It appeared to be quiet and 
subdued and in following it about | observed an episode contrary to expected 
winter behavior. The Red-headed Woodpecker was clinging to a tree trunk 
when it suddenly flattened against the bark with its bill pointed straight 
forward. I then noticed that a Downy Woodpecker had alighted two feet 
above it. The Red-headed Woodpecker remained “frozen.” There was no 
attack and no “quirrs.” I wondered whether it failed to act aggressively 
because. having just arrived, it had no established territory and no stored 


acorns. 


FLUCTUATIONS OF RED-HEADED WoopreECKER POPULATIONS 


\ severe drought afflicted the Seneca area in the summer of 1957. The 
swamp became hard and dry and Creek Wood had a withered appearance. 
During September I saw a few Red-headed Woodpeckers by the canal but 
only the one came to Creek Wood and none remained elsewhere in places 


where | had found many the vear before. The reasons why Red-headed 


Woodpeckers appeared. then moved on, can only be conjectured. Three 


explanations suggested themselves. First. Creek Wood and the swamp had no 
water and | had observed that the woodpeckers of previous seasons came 
down to drink not infrequently. Second, there was a scarcity of insect life 
during the drought. A possible indication of this, apart from direct observa- 
tion. was that the fall warbler migration in the area was unusually poor. 
Finally, the pin oak acorn crop was minimal. One could see this by scanning 
the trees or by noting that far fewer Blue Jays came for acorns than in the 
previous year. The winter season of 1953-54 offered an interesting compari- 
son. The entire pin oak acorn crop failed in 1953 and not a single Red- 


headed Woodpecker wintered in the Seneca area as far as | could determine. 


\ Lone WINTERING RED-HEADED WoopPECKER 


During the winter of 1957-58 I knew of only one Red-headed Woodpecker 
in bottomlands along the Potomac. This lone woodpecker lived in the center 
of Creek Wood. It gathered acorns while such were available and | watched 
it seal in its stores with slivers of damp, rotten wood, usually taken from dead 
limbs of adjacent live pin oaks. The winter was unusually cold, with much 
snow. There seemed to be no warm days with insects flying about. How 
could the lone Red-headed Woodpecker survive under such adverse circum- 
stances? The bird was not at a loss. From November to March | watched 
it make repeated flights to a cornfield 400 yards away. It would devour 


some kernels by pounding them on trees adjacent to the field but it carried 
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others in its bill when, with a direct and undulating flight. it flew back to 
Creek Wood. 

The behavior of this single Red-headed Woodpecker differed in several 
respects from what | had observed the year before when numbers of the same 
species had lived in a community. For one thing | almost never heard the 
single woodpecker call “quirr.” Secondly, the area occupied by the Red- 
headed Woodpecker could not be called a territory, by one interpretation of 
the word, for, in the absence of close competitors of its own species, the lone 
woodpecker seemed to recognize no definite boundaries to its movements. 
It did, nonetheless, spend most of its time within a small circle of trees. 
The lone Red-headed Woodpecker would occasionally drive away a Red- 
bellied Woodpecker and less frequently a Downy Woodpecker or a Tufted 
Titmouse. 


DISCUSSION 


The term territory is used in this report in reference to relatively small 
areas with well-defined boundaries. which included stores of large numbers 
of acorns and were defended by the notably aggressive behavior of their 
owners, the Red-headed Woodpeckers. I have not read of any closely similar 
type of territory, based on food storage, among other birds. I have, however, 
observed two situations where mammals established individual territories in 
late summer in a manner not unlike that described above for Red-headed 
Woodpeckers. 

In one case Red Squirrels (Tamiasciurus hudsonicus) were harvesting pine cones 
(Pinus strobus) in Tamworth, New Hampshire (Kilham, 1954), in a section of pine 
woods clear of undergrowth. Repeated observations made early in September indicated 
that an individual squirrel had a definite territory and would sometimes run around its 
actual boundary. The animal was transporting cones to caches near the center of its 
domain. It appeared to warn off neighboring squirrels, engaged in similar activities, by 
means of its loud, chattery song, and conflicts between squirrels, in which the defending 
animal was dominant, were not infrequent. 

In a second situation, Pikas (Ochotona princeps) inhabiting an open rock slide in 
mountains in Montana were observed over a period of four weeks (Kilham, 1958a) 
harvesting sprigs of vegetation which they accumulated in piles above and under the 
rocks. Each Pika maintained a definite territory which it would defend against neigh 
boring Pikas and advertise with a frequently uttered “caack.” These animals live on 
stored food while active under the snow in winter. 

The Red-headed Woodpeckers, Red Squirrels. and Pikas had some features 
of strategy in common. All had small, readily defended territories surrounded 
by similar territories of others of their own species. Furthermore all three 
species were noisy. Their calls may have been warnings which served to 
diminish interspecific conflicts. In one sense the Pikas differed from the 


other two species for they stored miscellaneous types of vegetation that would 


have been available almost any year. The Red-headed Woodpeckers with 
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their acorns and the Red Squirrels with the pine cones. on the other hand, 
were taking advantage of bumper crops, such as might be entirely absent 
in other years. One might think of the last two species as being mobile 
opportunists, 

Winter territories have been described for other birds. Lack (1943) states 
that the British Robin (Frithacus rubecula) may establish an individual terri- 
tory in the autumn which it uses as a foraging area. Unrelated food competi- 
tors are not driven away. The situation observed among the Red-headed 
Woodpeckers was different in that they might collect acorns outside of thei: 
territories if they had no suitable pin oaks within them (Kilham, 1958). 


The woodpeckers drove away all avian competitors, related or not. A Mock- 


ingbird (Mimus polyglottos) exhibited a somewhat parallel behavior when 
it took to defending a group of persimmon trees opposite Creek Wood. On 
November 25. 1956. it drove away a Yellow-bellied Sapsucker. then a Downy 
Woodpecker. which had come to feed on persimmons. 

The Greater Spotted Woodper ker (Dendrocopos major is reported by 
Pynnénen (1939) to live mainly on pine and spruce seeds in Finland in 
winter. Individuals hold territories with distinct boundaries, although food 
apparently is not stored within them in significant amounts. These territories. 
apparently ranging from 2!5 to 8 acres in extent, were large in comparison 
to those described above for Red-headed W oodpes kers. 

Swanberg (1956) describes food storage as one of the main functions 
of territories held the year around by Thick-billed Nutcrackers ( Nucifraga 
caryocatactes) in Sweden, the winter stores of nuts being used to feed the 
young in spring. Such territories averaged over 30 acres in extent. The 
Red-headed Woodpeckers described above. on the contrary. were migratory 
and had settled down into small winter territories where food supplies were 
optimal. Here they competed directly with Red-bellied Woodpeckers. both 
for food and habitat. 


SUMMARY 


Twelve Red-headed Woodpec kers wintering in Maryland were observed to 
maintain small, individual territories over eight months in 1956 and 1957. 
The Red-headed Woodpeckers defended their stores of pin oak acorns against 
other birds, both related and unrelated, and appeared to be the most aggres- 
sive of the local species of woodpeckers. Conflicts with such birds as Tufted 
Titmice enabled one to mark the boundaries of the woodpeckers’ territories 
with some precision. Each Red-headed Woodpecker had a roost hole within 
its territory. Calls and drumming expressive of a breeding urge did not 
become prominent until April. The woodpeckers had all departed by the 


first week in May. The pin oak crop was minimal in the fall of 1957, and 
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under these circumstances only a single Red-headed Woodpecker returned to 


Although 


winter. This bird subsisted largely on corn from an adjacent field. 


it spent most of its time within a small circle of trees the lone woodpecker 


had no discernible territorial boundaries in the absence of neighbors of its 
own species. 
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DISPERSAL OF EGRETS ON THE KANTO PLAIN, JAPAN 
BY H. ELLIOTT McCLURI 


URING the period 1949 through 1957 the relationship between wild birds 
|) and Japanese Encephalitis was under study at the U.S. Army 406th 


Medical General Laboratory. located at Tokyo, Japan. The avifauna of the 
Kanto Plain which surrounds Tokyo is not extensive in numbers of indi- 
viduals or in species (McClure, 1957. Wilson Bull.. 69:323-332), but a 


survey of blood sera made in 1950-51 (Hammon. Sather and McClure, 1958. 


{mer. Jour. Hyg., 67:118—-133) showed that infection with this virus was 


widespread among birds. Concentrated study at two ardeid breeding colo- 


nies from 1952 to 1957 resulted in isolation of the virus from both birds 


and mosquitoes. The objective of this study was not to incriminate ardeids 


as the reservoirs of the disease, but to use them as pilot indicators of what 


may happen ampng many species. Ardeids are large and were easy to obtain 


in sufficient numbers to yield adequate data for summarization. 

Virus encephalitis is a disease attacking birds, livestock, and human beings 
in late summer with the peak of virus dissemination among mosquitoes occur- 
ring in late July and early August. When a susceptible bird becomes infected 
the virus circulates in the blood for a period as long as a week. The possible 
role that birds might play both in the dissemination of the virus from foci 
of infection and its seeding among mosquitoes was brought under considera- 
tion. This obviously is a very difficult field problem to solve without exten- 
sive banding and wide recapture of species susceptible to the disease and 
large enough to be bled repeatedly of proportionately large volumes of blood 
(1 to 3 ce.). The rate and degree of dispersal of juveniles of any species over 
the Kanto Plain was not known. As egrets were large, conspicuous, and 
easily seen from the air, the present study was designed in order to accumu 
late information concerning changes in the population of egrets over the 
Kanto Plain, and to infer therefrom the rate of dispersal of juveniles and 
their penetration into little-used areas. Egret as used herein refers only to 


the members of the genus Egretta observed during the study. 


LocALeE AND METHODS 


The Kanto Plain (Figs. 1 and 2) lies to the north and west of Tokyo, an 
extensive alluvial plain drained by three river systems, the Tonegawa (largest 
and northernmost). Arakawa, and Tamagawa. Its level rice fields are broken 
only occasionally by low hills. To the east and north of Tokyo is a region 
of low, flat-topped hills (which extend down the Chiba Peninsula}. inter- 
spersed by narrow level valleys along the watersheds. This upland gives way 
on the Pacific Coast to a coastal plain also cultivated in rice. The uplands 


359 





360 THE WILSON BULLETIN 


support second-growth deciduous and evergreen forests and fields of truck 


crops, whereas all lowlands are planted in rice. except the small areas about 


each village or farm home which are in gardens or shade trees. 

Weather permitting, at the middle of each month, from January, 1955, through Decem 
ber, 1956, an aerial survey was made along a route (Fig. 1), beginning at Tokyo and 
extending north to Sagiyama, Kawagoe, Kumagaya, Camp Drew; along the Tonegawa 
to Katori; across Chiba Hills to the Pacific Coast; south to Katakai; back north and 
west to Imba-numa Lake: south to Chiba City: and thence west along the shore of 
Tokyo Bay over Shin Hama heronry to Tokyo. The 250-mile trip in an H 13 helicopter 
provided by the U.S. Army Air Force required five hours, and was always followed in 
the same direction, at the same time (9:00 a.m. to 2:00 p.m.), and at a height of about 
500 feet. The H 13 is a two-place reconnaissance helicopter provided with a plexiglass 


cabin permitting observation in all directions but to the rear 


N 


Fic. 1. Map of the Kanto Plain, Honshu, Japan. showing route of flight ta'\en duriy 


monthly surveys of egret populations in 1955 and 1956 


It was found by experimentation that 500 feet altitude was about optimum for observa 
tion of egrets to one-half mile on either side. Below this height the egrets flushed 
readily but could not be seen over so wide an area, and above this height they did not 
flush and many were not seen. At nesting colonies (heronries) the location was circled, 
estimates were made of the number of birds visible, and photographs were taken. Later, 
the photographs were enlarged, examined under a dissecting microscope, and the birds 
were counted. Actual numbers in all other flocks were tallied and recorded on large 
maps at the points where they were seen. 

From January, 1951, through December, 1954, regular bird tallies, varying from ones 
a week to once a month, were made by walking through selected habitats near Tokyo 
These included rice lands and tide flats similar to those shown in Fig. 3, as well as 
the heronry at the Shin Hama Imperial Duck Netting Grounds. Observations were made 
from blinds about the central pond, and in 1956 an attempt was made to count all of 


the nests present. 
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At the Sagivama heronry, located among farmyard trees about 10 miles north of 
Pokyo, the population was estimated from nest counts in 1956 and 1957 

Colonies and heronries are used here as synonyms indicating permanent locations of 
herons or egrets; they indicate roosting in the winter, or roosting and nesting in the 
summer. The route of flight crossed three such heronries, an immense nesting colony 
at Sagivama and a smaller one at Katori (neither used in winter), and the large heronry 
at Shin Hama which was used the year around 


RESULTS AND DISCUSSION 


Before the concentrated studies of 1955, 1956. and 1957 large numbers of 
ardeids were recorded: Grey Heron (Ardea cinerea). 1025: Great Egret 
(Egretta alba). 635: Plumed Egret (FE. intermedia), 22.500; Little Egret 
(FE. garzetta), 45.000; Cattle Egret (Bubuleus this), 400; Black-crowned 


Night Heron (Nyeticorax nycticorax)., 52.500. These figures represent the 


Fic. 2. The Kanto Plain near Toyo in early summer. 


totals from tallies on the ground. From the air no attempt was made to dis- 
tinguish species of egrets. and only few herons were noted. The total egrets 
recorded from the air was 45,225. During 1956 the count of nests at Shin 
Hama placed the breeding pairs at about 400 Night Herons. 250 Little Egrets. 
130 Plumed Lyrets, 5 Great Egrets, and 5 Cattle Egrets. A nest count at the 
Sagiyama colony in 1957 placed the breeding pairs at about 700 Great Egrets, 
1.000 Black-crowned Night Herons, 1.400 Plumed Egrets, 250 Little Egrets 
and 50 Cattle Egrets. 

Although Nycticorax is as abundant as the Little or Plumed Egrets at the 


colonies it is nocturnal and none was seen in the aerial studies. The Grey 


Heron was seen predominately as a winter resident at Shin Hama and along 


the tide flats of Tokyo Bay. The only nesting colony found was in tall 
Cryptomeria trees at the Katori Shrine. This colony was too distant from the 


laboratory for study. 
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TABLE | 
THe Species Composition oF Ecrets anp Herons iN THE Tokyo Area, 1951-1954, as 
INDICATED BY THE PERCENTAGE OF THE PopULATION Mave up or Eacu Species 
Eacu Montu 


Birds seen outside of nesting colonies 


Jan Feb Mar Apr May Jun Jul Aug Oct Nov Dee 

Little Egret 67.1 7. D.. 34.4 2. ei +4. r 90.2. 87.5 

Plumed Egret E ‘ 31.8 

Great Egret 3. 2.7 

Cattle Egret 

Grey Heron . 

Night Heron 328 68 29 111 109 83 68 19.9 
Birds seen at the colony site, Shin Hama 

Little Egret 35.9 374 48 419.3 43.1 33.1 39.0 37.2 

Plumed Egret 35 «18.7 254 242 349 

Great Egret F = ; 3 8 t ] 2 

Cattle Egret 5 6 1 1 

a 


Grey Heron 33 39 7 l 5.6 4 


Night Heron 60.3 58.3 54.1 465 36.7 402 35.9 269 5 75 83.4 94.8 





During the period from 1951 through 1954, when regular tallies were 
being made, the Shin Hama colony was undisturbed and the species composi- 
tion was that shown in Table 1. By 1954 the concentration of birds was great 
enough that protective bamboo surrounding the ponds was being killed by 
the birds’ feces. Shin Hama is an Imperial Duck Refuge and netting grounds 
so the refuge attendants began shooting the ardeids to drive them away. They 
continued this practice intermittently every year. The Plumed, Great and 
Cattle egrets are more wary than the Little Egret or the Night Heron; there- 
fore the species composition changed rapidly and the 1956 nest tally showed 
a great reduction in all but the latter two species. 

No studies were made at Sagiyama before the 1955-56 aerial observations, 
but the nest tally in 1957 showed the species composition as reported in a 
previous paragraph. Here the colony has been a National Preserve for more 
than 300 years and is probably more stable than that at Shin Hama. The 
loss of trees is not a problem since the guano is harvested each year. 

In rice fields and on tide flats the species composition of diurnal ardeids 
is very different from that at the colonies. The Little Egret is a permanent 
resident and is the most abundant and conspicuous species at all seasons, 
whereas the Plumed Egret is a summer resident and reaches peak abundance 
in July and August. Great and Cattle egrets are seen in negligible numbers 
in the fields. 

The annual cycle of abundance as seen both away from and at colonies is 
shown in Table 2. There is a conspicuous difference in this cycle, for greatest 
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ABLE 2 
Seasonat Occurrence OF Arpeiws in THE Tokyo Area EXpressep As THE PERCENTAGE 
OF THE ANNUAL ToTaL For Eacu Species 


Birds seen outside of nesting colonies 


Jan Feb Mar Apr May Jun Jul Aug 


Little Egre 6 28 69 3 50 5.1 100 23.1 
Plumed Egret 2 18 10 9 196 25.6 35.7 
Great Egret 26 ; $2 26.1 14.7 
Cattle Egret 
Grev Heron ; 2.4 11.0 
Night Heron 1.1 4.2 } ) 7 1.7 
Birds seen at the colony site, Shin Hama 
Little Egret 7 58 18.0 13.7 148 200 10 
Plumed Egret 2 13.3 25.4 274 
Great Egret } ; 27.4 208 98 
Cattle Egret 198 35.7 30.1 
Grey Heron 199 22.6 4 l } 4 
Night Heron 7.8 7.3 58 13.9 96 147 15.1 64 4.7 
Total egrets seen only outside colonies from 1951-1954 
} 2.0 1.7 4.2 3 6.1 13.2 3.6 285 
Total egrets seen only at Shin Hama from 1951-1954 
34 $9 40 133 13.7 182 224 144 1 


Total egrets seen from air outside olonies in 1955-1956 


0 5.2 5.6 1. 7 7.7 215 16.0 


Tota ¢ from air at nesting colonies in 1955-1956 


7.2 21.0 20.9 31.0 





numbers occurred in the colonies at the peak of nesting in June and July as 


contrasted with peak numbers in August and September away from the 


colonies. 

One other facet as background for the 1955-56 aerial study had been 
explored in March, 1952. Each evening during winter approximately 1,000 
Little Egrets return to Shin Hama to roost in the bamboo. An attempt was 
made to mark some with an alcohol-soluble red dye by spraying the dye over 
groups while they slept. Red-spotted individuals were seen feeding in rice 
fields as far away as four miles. That the daily range may be much more 
than this for some species was suggested by the fact that salt water fish were 
found in the diet of nestling Great Egrets at Sagiyama. more than 15 miles 
from Tokyo Bay. 

The route of travel for the aerial survey was arbitrarily divided into the topographi 
sections shown in Fig. 1. These were as follows: (1) Tokyo, the city and its immediate 
environs. In the heart of the city at the Imperial Palace grounds there is a small colony 
of 50 to 100 pairs of ardeids. Since this area was “Off Limits” to all but the Imperial 
Household no study was made, but seasonal observations of the locality indicated that 
most of the egrets were the Plumed Egret, and that the Black-crowned Night Heron 
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made use of it the year around. Evening flights of egrets from, and Night Herons to, 
rice fields south and west of the city were noted regularly. (2) Sagiyama. This sector 
included extensive rice fields broken by occasional uplands cultivated in truck crops. 
The route passed over the Sagiyama heronry already described. Also, within this sector 
was a small nesting colony at Shiki. This location was in use only in the summer and 
provided nest sites in dense bamboo for the Little, Plumed and Cattle egrets and the 
Night Heron. No attempt was made to tally breeding birds. (3) Kawagoe. From the 
village of Kawagoe north to the Tone River the route passed over broken hills with rice 


cultivation along the watersheds. Here there were no colonies known to the author 


Fic. 3. Shin Hama Imperial Duck Netting Grounds in late summer after the egrets 


have dispersed. Tokyo Bay is at the left 


(4) Tonegawa. Except for isolated hills the Tone River is bordered with extensive rice 
fields. The location of a nesting colony near Camp Drew was suspected from actions of 
the egrets, but was not learned. The colony at Katori has already been described. It was 
used only as a nesting site by the Grey Heron, Night Heron, Great and Plumed egrets. 
(5) Chiba. This sector included the coastal plain under rice and grain cultivation. No 
colony was known here. (6) Imba-numa. Between the Chiba and Imba-numa sectors 
the route crossed low hills interspersed with narrow rice-cultivated valleys, in which 
egrets were not noted during the surveys. There were no heronries known to be near 
Lake Imba-numa and birds using this marsh and lake apparently flew in from Shin 
Hama. (7) Shin Hama. This sector included the tide flats along the north shore of 
Tokyo Bay and the rice fields around the Shin Hama heronry as well as the colony itself. 


Weather conditions, season, vegetation. and topography affect the visibility 


of egrets, but experienced pilots placed the average range at which the birds 


could be seen at one-half mile on either side of the helicopter at 500 feet 
altitude. Using this factor and the linear distance over which the plane 
traveled, a fairly accurate population per square mile could be estimated. 
Since the birds were almost never seen in any habitats but rice fields or tide 
flats, the percentage of the land in rice was used to reduce the figures to the 


number of birds per square mile of paddy. 
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The results of 24 months of aerial observation are summarized in Tables 
3 and 4 and illustrated in Figs. 4 and 5. The seasonal pattern was fairly dis- 
tinct. From January through March the winter population was stable, aver- 
aging about 2.7 Little Egrets per square mile of paddy. They frequented the 


fields that did not freeze over. Flocks of Plumed K-grets and others began 


NUMBERS OF EGRETS 


Numbers of egrets counted along a 250-mile route on the Kanto Plain of Japan 





TABLE 3 


Averace Nie wper or Ecrets Estimarep per Souart Mine on THE Kanto Piatn 


Feb Mar Apr May in 4) Aug Se t 
1955 
Average birds pet 
square mile 2 £6 40 102 90 BA 
Total birds tallied 
outside colonies 7 4 2 817 528 913 1018 2571 2273 2105 361 693 
Total birds tallied 
at colonies 732 1563 1926 2880 1440 
1956 
Average birds pet 
square mile 84 1.6 ; . 7 14.0 i 42 
Total birds tallied 
outside colonies 212 401 373 
Total birds tallied 
at colonies 1270 2315 1924 2831 1273 145 


992 1001 1105 920 2187 3522 2201 1069 634 


Two-year average number of egrets per square mile of rice field including birds at colonies 
2 1 29 50 54 7.1 68 16.7 204 152 88 47 


Estimated total egrets in rice fields on Kanto Plain including those at colonies 


t 
t 


w 
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arriving from the south in April, and the population per square mile nearly 
doubled. During the period from May to July heronries were occupied and 
the population density in paddies showed a slight increase. More than 50 
per cent of all egrets counted in the fields were seen there during August. 
September, and October when juveniles left the heronries and the population 
density rose to 17.4 birds per square mile. Migration rapidly depleted the 
population so that the November density was equivalent to that of April. In 
December the population consisted only of Little Egrets, again dispersing to 
flooded, unfrozen paddies, marshes, and tide flats. This population trend 
from month to month is illustrated in Fig. 4, wherein the total number of 
egrets counted in rice fields is compared with those seen at Sagiyama and 
Shin Hama heronries. This figure suggests that the influx of egrets on the 
Kanto Plain in late summer is the result of production of young at colonies 
and the cessation of nesting activities by the adults. It is known that heron- 
ries are present in Japan north of the Kanto Plain, but that very few egrets 
remain north of the plain over winter. Therefore, part of the fall population 
of the plain is made up of migrants from the north. 





TABLE 4 
Seasonat Use or Rice Fiecps in THE Kanto Piain, Japan, py Eorets, Exciupine Birps 
Countep at Nesting CoLonies 


Egrets counted Percentage of 
Months per squore mile total egrets Remarks 
of paddy | 








Jan.— Mar. 2.7 . Overwintering 
flocks of Little Egrets 
April 5.0 : Immigration of 


all species 

May-July ; 21.: Nesting in heronries 

Aug.—Oct. 53. Dispersal and 
migration 

Nov. 5. 5. Migration 

Dec. ’ 5. Little Egret movement 
on Kanto Plain 


Average , Total 100.0 





The population density in the sectors and effects of dispersal are dia- 
grammed in Fig. 5. Here it is evident that each sector receives maximum use 
at certain seasons. At Tokyo the population is negligible except for move- 
ments of residents to and from the Palace heronry. In the Sagiyama sector 
the activity at the Sagiyama and Shiki colonies produces a heavy and increas- 
ing population in the rice fields with the greatest density in August. This is 
followed by a rapid reduction as the birds disperse and migrate. The Kawagoe 
population reflects the activity at the Sagiyama and Shiki colonies. Because 
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of its limited rice acreage this sector was little used until July and August 
when juveniles were leaving the colonies. The same was true of the Tonegawa 
sector. Here the extensive paddies supported a low, uniform population until 
the late summer dispersal and the arrival of migrants in October. The pattern 


in the Chiba sector was different from that in the others. In winter the 


paddies rarely freeze and there is a wintering population that disappears 


during the nesting season. This situation was reflected in the aerial counts. 
During late summer dispersal birds moved back into the Chiba area and 
many remained there. The Imba-numa sector was one of winter usage. Very 
few birds were present except when other sources of food were dried up or 
frozen. The Shin Hama sector had a population density which reflected all 
the seasonal activities of the egrets. The presence of tide flats. paddies and 
the heronry made the area attractive to egrets, and the population density 
was high all year. Peak numbers were reached in October when the local 


and migrant birds concentrated there before leaving for the south. 


Fic. 5. Average numbers of egrets counted outside the colonies along each major 
division of the aerial survey route on the Kanto Plain. Data for the 24 monthly surveys, 


1955-1956, are averaged 
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These conclusions can be substantiated only by the field observations since 
no birds were banded north of the Kanto Plain, and of the 5,000 nestlings 
banded since 1951 on the Kanto Plain very few have been observed after 
fledging. 

Japanese agricultural reports indicate that there are approximately 1,330 
square miles of rice fields on the Kanto Plain. Assuming that the survey 
route intercepted a representative sample of the population, the total popula- 
tion on the plain would fall within the vicinity of the values given in Table 3. 


—— PERCENTAGE OF FLOCKS 
PERCENTAGE OF TOTAL EGRETS SEEN 
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Fic. 6. The relationship between flock size and number of flocks of egrets on the 
Kanto Plain outside the colonies. 


The determination of the number of young produced at Sagiyama or Shin 
Hama proved very difficult. Even though concentrated studies were made in 
1952, 1953, 1956, and 1957, the number of broods reared or the number of 
nesting attempts per pair were not determined because of the difficulty of 
marking and/or identifying adults. The period of time that a nest is in use 
is about two months, and there is nesting at the heronries for five months. 
Weekly nest tallies at Sagiyama in 1957 indicated a total of at least 6,000 
nests of all species from which an average of two young were produced, a 
total of 12,000 young. At the peak of nesting activity there were more than 
3,000 pairs (3,029 by actual count), so that a total of 6,000 adults plus 





weg EGRET DISPERSAL 369 
12.000 young indicates at least 18,000 birds left this colony in August and 
September. Probably one-third of that number was at Shin Hama (the 1956 
estimate was 6.500) and an unknown production at other colonies. Approxi- 
mately one-third of this total were Night Herons which were not visible from 
the air. The estimated Peak number of 27.000 egrets on the Kanto Plain in 
September could have represented birds that originated locally. 

An objective of the aerial survey of egret numbers was to determine if the 
simple visual dispersal of egrets over the plain correlated with the time of 


maximum virus infection, and if it was of such a nature that spread of the 
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Fic. 7. Comparison of flock size to total population of egrets. A—Number of birds. 


B Percentage of the flocks consisting of 6 to 10 birds ( Percentage of the egrets 
tallied in flocks of 6 to 10 birds 


disease could be correlated with or inferred from the spread of infected 
juveniles. It does not follow that the simple increase as indicated by Fig. 4 
would illustrate dispersal. That the dispersal was widespread and involved 
normally unused habitats was more clearly demonstrated when the data were 


summarized as shown in Fig. 5. There was one other pattern of the popula- 





370 THE WILSON BULLETIN 


tion dispersal which demonstrated the infiltration into the available habitat, 
that of flock sizes. 

The number and location of each group of birds was noted on maps and 
these groups or flocks were arbitrarily arranged according to the following 
sizes: individuals, pairs, flocks of 3 to 5, 6 to 10, 11 to 20, 21 to 30, 31 to 50, 
and more than 50 birds. The percentage of the flocks in these size categories 
and the percentage of the population in such flocks are plotted in Fig. 6, and 
the resulting comparison indicates that a flock size of around 6 to 10 birds 
was optimum. If this is true then it would be expected that the greater the 
population of egrets the more small flocks there would be and, by inference, 
the greater the penetration of the area. In flying over these flocks the birds 
were recorded as in a single flock if they were in close association, i.e. scat- 
tered over one field but at a distance from a similarly dispersed group. If 
the population were greater there should have been more fields with flocks 
in them, providing the ratio of large and small flocks were the same. This 
appeared to be true. In January, when the population was at low ebb. 11.4 
per cent of the birds were seen in flocks of 6 to 10 as compared with 1.1 per 
cent of the birds in flocks of more than 50. These two categories made up 
16.1 and 15.5 per cent of the population, respectively. In the peak month of 
September 17.5 per cent of the flocks were still in the 6 to 10 size category 
and 1.4 in flocks of more than 50. However, 15.3 per cent of the population 
was in the flocks of 6 to 10 and 17.3 per cent in the flocks of more than 50. 
Fig. 7 illustrates this for flocks of 6 to 10 individuals. Since the actual 
September population density was nearly 10 times that of January this means 
that there were nearly 10 times as many flocks and that the birds were 
dispersed over the available habitat rather than concentrated locally, possibly 
10 times as widely dispersed. 

This study, therefore, demonstrated these facts: (1) in this one group of 
birds, the ardeids, the population dispersal coincided with the period of 
maximum virus infection of the mosquito vector; (2) the dispersal was 
widespread over the Kanto Plain; (3) little-used habitats came into occu- 
pancy during this period; (4) and this penetration was fairly uniform since 
flock sizes did not increase with increased population density. It remains to 
be demonstrated that this dispersal pattern among single or many species of 
wild birds is or is not a factor in the dissemination of Japanese encephalitis 
virus and the seeding of the vector mosquito, Culex tritaeniorhynchus. 


SUMMARY 


Between January, 1955, and January, 1957, 24 monthly aerial surveys of 
egret populations were made along a 250-mile route through the Kanto Plain, 


Japan, from a helicopter flying at 500 feet altitude. The objective of the 





EGRET DISPERSAL 371 


study was to learn if dispersal of juvenile egrets was correlated with the 
dissemination and infection of Japanese encephalitis virus in the Tokyo area. 
The following information resulted: 

1. The egret population on the Kanto Plain in winter is low and composed 
mainly of Little Egrets (Fgretta garzetta). 

2. In April Plumed (F. intermedia) and other species of egrets arrive 
from the south and seek nesting locations or heronries. 

3. The peak population in the heronries occurs in July and August. 

1. Rapid dispersal of young from the colonies brings peak density over 
the plain in August and September when the population is 10-fold that of 
January. 

5. Migration in October rapidly depletes the population. 

6. Dispersal over the plain in late summer is widespread, and unused rice 
fields are sought out. 

7. Flock size remains the same with wider habitat usage accommodating 
the increase in population. 


o 
o 


In this one group of species the dispersal of young coincides with the 


peak of virus infection and dissemination among vector mosquitoes and 


mammalian hosts. 


6TH Mepicat GeneraL Laporatory., APO 343. San Francisco, CALiror- 
NIA, NOVEMBER 15, 1957 (Present address: U.S. Army Medical Research 
Unit, Institute for Medical Research, Kuala Lumpur. Malaya) 





NOTES ON THE ECOLOGY OF DACTYLORTYX THORACICLUS 


BY EUGENE A. L@EFEBVRE AND JOYCE HECKENLAIBLE LeFEBVRI 


ia following notes on the life history and ecology of the Singing Quail 


(Dactylortyx thoracicus) are offered as a supplement to the comprehen- 
sive paper by Warner and Harrell (1957). Our studies, which were confined 
to one population, were conducted in the oak—sweet gum cloud forest (Fig. 1) 
on the Rancho del Cielo, owned by W. Frank Harrison and situated about 
five miles northwest of Gomez Farias in southwestern Tamaulipas, Mexico. 
This area, its geology, climatology, and vegetational characteristics have been 
described thoroughly by Harrell (1951 MS) and Martin (1958). In 1951, 
lumbering operations were begun in the area and the floristic and ecologic 
conditions were altered; most noticeable has been the general opening of 
the forest crown followed by a more dense growth of the understory (Figs. 
2 and 3). We stayed in the field from April through June, 1953; and from 
April through July, 1954, J. LeFebvre again studied in this area. The fol- 


lowing notes are a product of part of the studies made at these times. 
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HABITAT 


Dactylortyx is found throughout the oak—sweet gum cloud forest at the 
Rancho del Cielo. Although, as Warner and Harrell (1957:125) point out, 
this species is regarded as a bird of the dense undergrowth, we found it 
common in the more open areas of the forest. However, there was some type 
of overhanging or screening vegetation in the areas where the quail were 
feeding, and an undergrowth was not distant from these feeding areas. 
Salvin and Godman (1897-1904:309) report finding quail at the edges of 
ravines in the mountainside forests where they “bask in open sunny spots.” 

To cite examples of the range of habitats utilized by the quail at Rancho 
del Cielo, a brief description follows. In several sections of the forest the 
quail occupy relatively undisturbed habitat which characteristically includes 
four layers: a small number of very tall oaks (Quercus spp.) and sweet gum 
(Liquidambar styraciflua) that provide an almost complete canopy; numer- 
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ous small and medium-sized oaks and sweet gum plus Rhamnus caroliniana, 
Clethra macrophylla, Eugenia spp. and Ternstroemia sp.: and shrubs and 
herbs common in the understory. The forest floor was thickly covered with 
leaf litter and mosses. In other regions of the forest, the canopy and sec- 
ondary tree strata were similar to those described. but the ground cover was 
reduced. consisting only of a few scattered herbs. In those localities where 
most of the large caks and sweet gum had been removed. a dense cover of 


pokeweed (Phytolacca sp.) and shrubby plants had invaded as an undercover 


Fic. 1. (left) Relatively undisturbed area of oak-sweet gum cloud forest 


ght) Second-growth forest of partially lumbered area 


providing a changed habitat for the Singing Quail. Quail were observed 
frequently feeding on low-hanging pokeweed fruits. The pattern of the cut- 
ting operations in this locality left the cut-over areas greatly interdigitated 
with pockets, of varying sizes, of virgin or practically undisturbed timber. 
Most of the quail we observed in the disturbed habitat lived near the edges 
of these uncut areas. and certainly occupied sites which included both types 
of habitats. We observed quail feeding daily in the disturbed habitat and 
at all times of the day. This utilization of changed habitat agrees with the 
observations of Dickey and Van Rossem (1938:155), who found in El Sal- 
vador that the quail showed a decided tendency to favor the coffee groves 


instead of their natural oak scrub habitat. 
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We found no evidence of quail in certain areas within the oak-sweet gum 
cloud forest where the terrain was rocky and uneven and where there was 
little or no accumulation of soil or leaf litter among the moss-covered rocks. 
In these sites varying from one-quarter to three acres in extent. the vegeta- 


tion did not differ markedly when compared to other sections of the forest. 


PopuLaTION DENSITY 

In the area comprising 20 acres enclosing and surrounding Mr. Harrison's 
ranch we located five pairs of quail in 1953 and four pairs in 1954. All 
except two pairs were found immediately adjacent to the ranch clearing. 
We estimated that elsewhere in the cut-over sections of the forest there was 
at least one pair of quail per 20 acres. Comparing these figures with the 3.5 
pairs per 100 acres obtained by Harrell (1951 MS) in both 1950 and 1951 
in the undisturbed forest, our estimate suggests a slight increase in the popu- 
lation in the changed habitat. Undoubtedly, these values are subject to error, 
but they indicate that in 1953 and 1954, the Singing Quail was maintaining 


its population density in the disturbed habitat. 


VoIcE 

The song of Dactylortyx, which has been described by Sutton and Pettin- 
gill (1942) and Warner and Harrell (1957:130), is both loud and musical. 
Most birds sang in the early morning and at dusk; however. the summer of 
1953 was unusually dry and the amount of singing by this species as well as 
by other birds at the ranch was greatly reduced. On especially hot or dry 
days, no singing was heard at all, whereas cool, foggy or cloudy mornings 
prompted a few birds to sing. These observations agree with those of Sutton 
and Pettingill (1942). 

In addition to the thrilling, thrush-like song, this species has at least two 
calls. One is a low-pitched, twittering call which we heard on almost all 
occasions when the birds were feeding. Often. too, when we came upon them 
in the forest, the quail would utter this call. Warner and Harrell (1957:130) 
suggest that this may be a location call for the family group. We had one 


particularly good observation of a bird giving this call when we flushed a 


pair of quail; the male landed 12 feet ahead of us on a rock and uttered the 
“twitter-call.” We noted at that time, and on at least two other occasions, 
a peculiar quality in that this call often sounded like a duet with one voice 
just one note out of phase with the other. 

The second call is a loud, sharp alarm whistle. We heard this only once 
in 1953, but it was recorded on several occasions in 1954, whenever the adults 
were accompanied by young. Once the alarm was issued, the adults would 
continue uttering the low “twitter-call,” or on one occasion when we were 


examining the young, the parents clucked excitedly. 
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BEHAVIOR 

Dactylortyx is primarily a bird of the forest floor and prefers to remain 
on the ground even when avoiding enemies. Although Warner and Harrell 
(1957:128) report no perching in this species. we have on four occasions 
seen them perching above the ground. In three cases when flushed or shot 
at. adult quail hopped onto nearby branches ranging in height from four to 
12 feet. There they continued to twitter and began to bob their heads vig- 
orously. When approached, these birds flew into nearby cover. In the fourth 
case. on May 7, E. LeFebvre observed a quail fly up onto a branch about 
15 feet above the ground where it remained until darkness. This was the 


only case of arboreal retirement that we have noted. 





lumbered area showing extent of 


Some writers have stated that this species is wary. and that opportunity to 
observe it closely is seldom obtained. Our observations agree with those of 
Warner and Harrell (1957:7) in that Dactylortyx appears to be very tame 
at Rancho del Cielo. Certain pairs of quail became more wary, perhaps as 
a result of contact with people when lumbering activities began and transient 
workers moved into the region. The onset of the nesting season may also 
result in increased wariness. One pair of quail under almost daily observa- 
tion showed little concern over our presence early in the study period, but 


several weeks later (about mid-June) it became increasingly difficult to 


approach this pair. 


Care OF YOUNG 


Behavior of the adults at the nest is not known, but both parents protect and care for 


the young once they have left the nest. On April 14, 1954, J. LeFebvre was alerted by 
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a sharp whistle given by a male standing at the side of a path. When it was approached, 
all bedlam broke loose. The female appeared, clucked very excitedly, and feigned injury 
by scurrying about with short, rapid steps and drooping wings. Both adults began to 
circle at a distance not more than five feet from the observer; meanwhile two young 
had scooted into a partly hollowed tree stump. They were found close together, heads 
hidden, and tails pointed upward and out. While one young was examined and replaced, 
the other one disappeared. The adult male tried to attract attention away from the young 
by calling and scurrying about. J. LeFebvre sat down about 20 feet away from the 
stump but both parents remained excited. Later the observer retreated further and 
the female flew onto a limb five feet about the ground, where she twisted, turned 
and clucked continually. The male had disappeared by this time and was no longer 
calling. Once the observer was hidden from view, the female stopped calling, hopped 
down from her perch and ran over to where the young had first been seen; the male 
came back to the stump, clucked once and disappeared. When the stump was examined, 
the second young was gone. 

These downy young were estimated to be one to three days old. When the young was 
handled for measurements, it was turned over on its back; it struggled vigorously to 
regain its normal position but it did not give the slightest sound. It appeared very much 


afraid as it crouched in the hand, and it weuld not perch on one’s finger 


Freepinc Hasirs 
We made numerous observations on the feeding habits of the Singing 
Quail in the cloud forest. In many cases the birds moved slowly and warily 


as they fed, but quickened their pace when they crossed a small clearing. 


The quail fed much in the manner of a domestic hen (Gallus gallus), by 


scratching first with one foot and then with the other, taking four or five 
strokes with each foot. The action is somewhat slower than that of a domes- 
tic hen and the length of each stroke a bit longer. We have never seen the 
method of obtaining food in which the bird makes a long sweeping stroke 
with one foot and then feeds in the debris (Warner and Harrell, 1957:128). 

Normally the quail fed in the thick leaf litter of the forest floor, but it was 
not uncommon to see them feeding on moss-covered rocks and picking on 
moss-covered logs. As the birds continued to scratch for food, their bodies 
became half buried in the leaves. These depressions were conspicuous and 
enabled us to locate feeding areas when the quail were not singing. 

Often, when a male found a large insect or other morsel, the female came 
quickly to take the particle from his bill. No note or call had been heard 
by us; yet the female had been, on occasions, feeding in another direction 
and must have been called by the male. 

We examined the stomach and crop contents of two quail. One female, collected 
May 14, 1954, had 159 pokeweed seeds in the crop and 59 more in the stomach, an 
indication of the importance this seral newcomer to the forest may have in the food 
habits of this species. The animal remains in the crop consisted of five Coleoptera 
larvae (Elateridae), a pupa and an adult Lepidoptera, an adult Diptera, seven Hemiptera, 
and three spiders (Arachnida). The second bird, a male collected on May 17, 1953, by 
Paul S. Martin in the open pine-oak forests near La Joya de Salas, Tamaulipas, had nine 
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unidentifiable seeds, two larval Coleoptera (Elateridae), one adult Carabidae, one larva 
and one pupa Lepidoptera, and one Acarina in the crop. The animal matter in_ the 
stomachs of both birds was too finely macerated for specific identification, but it con 


sisted of insect remains 


LITERATURE CIT! 


Diekey, D. R.. ano A. J. vaAN Rosse 
1938 The birds of El Salvador. Zool. Ser. Field VM 1 23, 609 pp 
Harrece, B. | 
1951 MS—The birds of Rancho del Cielo; an ecological investigation in the oak 
sweet gum forests of Tamaulipas, Mexico (unpublished M. A. Thesis, Univ 
of Minnesota), 283 pp 
Martin, PLS 
1958 A biogeography of reptiles and amphibians iv 
Tamaulipas, Mexico. Vise. Publ. Mus. Zool 
Satvin, O.. ano F. D. GopmMan 
1897-1904 Biologia Centrali-Americana. Aves, Vo 
Sutton, G. M., anp O. S. Perrineme, Jr 
1942 Birds of the Gomez Farias region, southwestert 
Warner, D. W., ano B. E. Harrewi 
1957 The systematics and biology 


Wilson Bull., 69:123-148 


Minnesota Museum or NatuRAL History. Universiry oF MINNESOTA, MIN- 
NEAPOLIS, MINNESOTA, NOVEMBER 10, 1957 





GENERAL NOTES 


Attraction of nocturnal migrants by lights on a television tower.— Allen (1880 
Bull, Nutt. Orn. Club, 5:131-138) called attention to the fact that birds killed themselves 
by flying against the lights of lighthouses. Some of the lighthouses at which bird mor 
tality occurred had red lights, others white, some had flashing, and some had fixed lights 
Gastman (1886. Amer. Nat., 20:981) estimated that a thousand birds (fall migrants) 
were killed at electric light towers in Decatur, Illinois 

More recently, Pough (1948. Audubon Mag., 50:354-355) described mass mortality of 
migrants on the Empire State Building, New York, but made no mention of lights on 
the building. Howell, Laskey, and Tanner (1954. Wilson Bull., 66:207-209) indicated 
that migrating birds may be atiracted by the light beam of airport ceilometers 

Mortality of nocturnal migrants at television towers has also received attention, and 
presently several studies of this phenomenon are in progress 

In their outstanding analysis of bird mortality at a 950-foot television tower in Topeka. 
Kansas, Tordoff and Mengel (1956. Univ. Kans. Mus. Nat. Hist. Publ. 10:17-20) 
discussed, among other things, the randomness of the sample of birds killed and caleu 
lated the number of migrants, assuming that the birds were uniformly spaced across the 
sky and neither attracted to the tower nor dispersed by it. 

Recently the present writers made observations at a 984+foot television tower located 
10 miles west of Champaign, Illinois, and obtained evidence that nocturnal migrants may 
be attracted by the red lights which are placed at 140-foot intervals along the tower 

During the night of May 29-30, 1957, there was a notable migration of birds in the 
vicinity of Champaign County. One or the other of the writers was present at the tele 
vision tower from 8:00 p.m., May 29 until 5:15 a.m., May 30. The area was overcast 
and a light mist fell during part of the night. The surface wind was light from the 
E.S.E. Graber did not arrive at the tower until 11:30 p.m., but heard birds passing over 
the city of Champaign between 10:00 and 11:00 p.m. and also at two places along the 
10-mile route from city to tower when he stopped to check on the migration. Upon 
reaching the transmitter he was immediately impressed by the great number of bird calls 
heard in the vicinity of the tower. It was apparent that there were more birds near 
the tower than away from it. 

Besides hearing the birds we found that we could see birds passing the tower through 
the beam of an automobile spotlight. The spotlight beam reached the top of the tower 
and we could judge the height of passing birds by the positions of the red tower lights 
and the attachment points of three sets of cable guys. Table 1 summarizes counts of 
birds which we made between 1:24 and 5:03 a.m. 

Throughout this period migrants were around the tower and from call notes we iden 
tified Veeries (Hylocichla fuscescens), Dickcissels (Spiza americana), and Indigo Bunt 
ings (Passerina cyanea). Many of the birds probably were warblers, but we could not 


be certain of their identity. 


The migrants were not evenly distributed but appeared in waves from the south. In 


the vicinity of the tower they were obviously confused, and their behavior was similar 
to that described for birds in a ceilometer beam by Howell, Laskey, and Tanner (1954. 
Wilson Bull., 66:209). The migrants flew quickly through the framework of the tower, 
then circled at the edge of the lighted area and passed through the tower again. Most 
birds flew between elevations of 400 and 900 feet, but a few were above the tower and 
some were as low as 150 feet. In spite of the numerous obstructions which the frame 


work of the tower offered and the fact that as many as 51 birds passed through or near 
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the tower in one minute, very few struck it. We heard several hit during the night but 


failed to find specimens the following morning. The number of birds heard to call per 
minute varied from 9 to 26, and the number seen per minute varied from 5 to 51 
(Table 1). We could not tell how many times an individual bird was counted, for birds 
entered the beam and the tower structure from every possible direction 

the 


Ihe spotlight beam itself may have had some effect on the migrants, but certainly 


birds behaved in the same confused manner whether the spotlight was on or off. When 


the spotlight was off we could see those migrants that passed very close to the red 


tower lights, and it was ipparent that birds entered the lighted area from different 


directions. How long an individual bird may have flown about the tower we do no 


know, but from the call notes we felt certain that new birds were arriving regularly whil 


others were moving away to the north or northwest 
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th the spotlight we could track individual birds as they approached the tower, but 


usually lost them as they entered the tower framework. Three times we tracked individual 


birds away from the tower. Two of these flew to the west-northwest and one to the north 


east, and all three gained altitude as they left the tower area. Several times we tracked 


birds as they left the tower framework and saw them circle and return to the towet 
Because the television transmitter itself was turned off (at 12:45 a.m.) before our 


observations began, we assumed that the confusion of migrants was caused solely by 


the lights 
Observations made between 3:30 a.m. and 5:45 a.m. on November 5, 1957 corroborated 
was overcast, but there was no precipitation. When we 


off, but the tower 


this view. At this time the sky 
arrived at the tower (approximately 3:30 a.m.) the transmitter was 
lights were on. We noticed a few birds fluttering about the outdoor lights of the trans 
mitter building and identified five Slate-colored Juncos (Junco hyemalis) a Myrtle 
Warbler (Dendroica coronata), and a Swamp Sparrow ( Velospiza georgiana). We heard 


other birds calling as they flew about the transmitter tower and counted eight call notes 
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per minute during a four-minute period. In quick succession, we then made call note 
counts of migrants as follows: one mile east of the tower at a place without lights 
one bird heard in five minutes, two miles southeast of the tower—no birds heard in 
five minutes. Returning to the base of the tower, we continued making counts as follows: 
with tower lights on, 30 birds in four minutes; all lights off, no birds in four minutes; 
tower lights on, 9 birds heard, all near the end of a four-minute period; lights on, 7 
birds in four minutes; lights on, 55 birds in four minutes; lights off, 6 birds heard, 
all in the first two minutes of a five-minute period; lights on, no birds in first two 
minutes, but after the lights had been on four minutes we heard 76 call notes in the 
next four minutes. 

Turning off the tower lights definitely eliminated the congestion of migrants about 
the tower. Immediately after the lights went off, we could tell by the diminishing volume 
of call notes that birds were leaving the vicinity, and in less than two minutes all birds 
were out of hearing. After the tower was relighted it took from one to two minutes for 
the first birds to come into hearing, but thereafter the number of call notes increased 
dramatically. 

We could not identify, with certainty, any of the migrants that we heard during the 
night, but at 7:15 a.m. we found five freshly killed birds (three Fox Sparrows, Passer- 
ella iliaca; one Golder-crowned Kinglet, Regulus satrapa; and one Woodcock, Philohela 
minor), and three crippled birds (two Slate-colored Juncos and one Golden-crowned 
Kinglet) under the east and west guys which support the tower. 

Our observations indicate that confusion of nocturnal migrants by tower lights occurs 
only on nights when the ceiling is low, and migrants are apparently forced to fly near 
or below the 1000- to 3000-foot level. On clear nights or on nights when cloud cover 
is high, we learned, through the use of special audio equipment (unpublished manu- 
script) that numbers of high-flying migrants pass the vicinity of the tower without 
becoming confused. 

Thus, calculations of total numbers of migrants based on the sample of birds killed 
at television towers are erroneous on at least two counts: (1) migrants are attracted to 


the towers by the tower lights, and (2) only a very small per cent of the birds which 
reach the tower are killed—Wm.Aam W. Cocuran, BW CIA, Champaign, Illinois, and 
Ricuarp R. Graser, I/linois Natural History Survey, Urbana, Illinois, April 24, 1958. 


Early record for the Ivory-billed Woodpecker in Kentucky. An early record 
from Kentucky seems to indicate a greater amount of wandering among Ivory-billed 
Woodpeckers (Campephilus principalis) than has commonly been attributed to them. 
Col. Wm. Fleming noted in his journal for March 7, 1780, while near St. Asaph’s, or 
Logan’s Fort, about 20 miles south-southeast of Harrodsburg, that he had met with a 
species of woodpecker new to him (N. D. Mereness, 1916. “Travels in the American 
colonies,” pp. 632-633). He saw two individuals, “the Cock and the hen,” the former 
having “a bright red head with remarkable large tuft of feathers on the Crown . . . the 
body and the wings White and black.” One of the birds was shot, the female, Fleming 
thought (but probably a male of the previous year, according to Dr. James T. Tanner 
[letter to K. L. Dixon, June 25, 1958]). Fleming's description was essentially as follows: 
“. . . the feathers on the throat and belly and part of the wing and tail a shining black, 
it had nine stiff and strong feathers in the tail... , the middle one being six inches 
long from where the feathers begins. . . , its wings ten Inches long from the shoulder 
[bend?] to the tip, 18 long feathers in the wing, the two first and longest black[,] the 
3rd tipd with white and each succeeding one more and more till the next to the back 
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are white, both above and below, the front and fore part of the Crown black, from the 


junction of the upper and lower bill white feathers on each side, leaving a triangle of 


black feathers from the Eyes and back part of the Crown which is deep red, .. . |.) its 
legs was an inch and a half long with four toes... , the two outer ones the longest 
and four inches in length[.] the bill white and bony verry strong and firm. . . , which 
is three inches in length, the tongue is six inches in lengt! The Iris when dead of a 
bright Yellow. . . , it weighed upwards of 1 Ib.” 

Fleming evidently began counting primaries with the longest one, not with the outer 
most. Judging from Ridgway’s measurements (1914. U.S. Nat. Mus. Bull. no. 50, pt. 6 
167, and pl. 8), the wing was larger than an Ivory-bill’s, and the leg shorter, but it is 
not clear how the measurements were taken, and they may have been only approximate. 
The bill length is only slightly too large for Campephilus, and the total foot length 
seems right 

Tanner (1942. Nat. Audubon Soc. Res. Rept. 1) considered as the result of mistaken 
identity or, at least, unproved, the claims of Ridgway (op. cit., p. 168), and of Allen 
(in Bent, 1939. U.S. Nat. Mus. Bull. no. 174:12) that this woodpecker formerly occurred 
in Franklin and Monroe counties, Indiana. Wetmore, however, recorded archeological 
evidence, presumably from the 15th or 16th centuries, of its occurrence in Scioto County, 
Ohio (1943. Wilson Bull., 55:55). Although the present record does not validate the 
Indiana reports, it does make them appear more plausible 

Editorial help from K. L. Dixon and, through him, Dr. Tanner, is acknowledged with 
thanks.— Danie McKuintey, Biology Department, Bowdoin College, Brunswick, Maine 


{ugust i, 195 


Production of pellets by a Blue Jay.A captive immature Blue Jay (Cyanocitta 
cristata}, which was recovering from a broken wing, habitually perched in a “mimosa” 
tree in our yard at Greenbelt, Prince George's County, Maryland. Mr. C. V. Morton, 
U.S. National Museum, identified the tree as (Abizzia lebbeck) 

As soon as we placed the jay in the tree it flew excitedly from branch to branch, 
gleaned insects from the leaves and branches, and ate the flowers of the tree. On two 
occasions, once on July 7, 1958, and once several days before, the bird regurgitated a 
hard pellet composed entirely of compressed blossoms of this tree. In each case, the 
pellet’s surface was a hard, rough greenish-yellow crust. The interior was softer and 
consisted of the reddish tips of the flowers. The pellets were about half an inch in length 
and had two slightly tapering ends.—Donatp H. Lamore, 605 College Street, Nevada, 


WVissouri, August 26, 1958. 


Ruby-throated Hummingbird captured by a Praying Mantis. A friend of mine, 
Conrad Steele of Lexington, Virginia, told me recenily of a curious incident. Early in 
September, 1957, at Lexington, he saw a praying mantis ( Vantis sp.) capture a hum 
mingbird. While he is not particularly familiar with birds, the Ruby-throated Humming 
bird (Archilochus colubris) is our only hummingbird. While sitting on a porch near 
which were some flowers that hummingbirds had been visiting, he detected a fluttering 
noise in a bush. Walking to the spot, he found that a mantis had its claws around a 
hummingbird’s neck. When he clapped his hands the insect released the bird, which 
flew a short distance and fell to the ground. He picked the bird up, making sure that 
it} was a hummingbird. After resting on his hand for a moment the bird buzzed away, 
apparently in good condition.—_J. J. Murray, 109 East Broadway, Louisville 2, Kentucky, 


Dec ember 18, 1957 
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Black-throated Gray Warbler in Michigan.—On April 30, 1958, Dr. William R 
Solomon, of the University of Michigan’s University Hospital, reported seeing a male 
Black-throated Gray Warbler (Dendroica nigrescens) on the east side of Ann Arbor, 
Washtenaw County, Michigan. The morning of May 1, | went to the area where he had 
last seen the bird and soon found it in a small grove of medium-sized deciduous trees. 
The bird was active, moving often from tree to tree and rapidly searching the leaves of 
each tree for food. During the time | watched the bird it sang repeatedly and occa- 
sionally gave a low call note. 

After watching the bird for about ten minutes, | collected it. The bird, an adult male 
(UMMZ No. 152892). was fat. weighing 11.0 grams. Its right testis measured 3 x 2 
millimeters (left testis destroyed by shot). The stomach was full of small insect remains. 
The tail of the bird was undergoing an abnormal molt. The three outer rectrices of the 
left side and four inner rectrices of the right side were new feathers approximately 
four-fifths grown. 

This appears to be the first record of the Black-throated Gray Warbler in Michigan 
The occurrence of this western species in Michigan is not so surprising when one con 
siders that it has been recorded in the East at least in Massachusetts, New York, Ohio, 
and Ontario, and is regularly seen in winter in Florida and Louisiana.—Norman L. Forp, 


University of Michigan Museum of Zoology, Ann Arbor, Michigan, May 22, 1958. 


Rough-legged Hawk takes prey from Marsh Hawk.—On January 2, 1957, 12 miles 
southwest of Gibson City, Ford County, Illinois, | noticed two hawks seemingly engaged 
in a battle. Fifty yards above a corn field a dark-plumaged Rough-legged Hawk ( Buteo 
lagopus) was pursuing a female or immature male Marsh Hawk (Circus cyaneus). Both 
birds displayed surprising flying ability, but neither appeared able to outmaneuver the 
other. After three minutes, the Marsh Hawk dropped a small, mouse-sized mammal 
which the Rough-leg swooped and caught 15 feet above the ground. After regaining an 
altitude of 75 feet the Rough-leg rapidly flew southwest with the prize in its talons, 
while the Marsh Hawk flew north and resumed hunting.—Rosert P. Kiresy, | niversity 
of Michigan Museum of Zoology, Ann Arbor, Michigan, June 10, 1958. 





WILSON ORNITHOLOGICAL SOCIETY NEWS 


Members are reminded that the Fortieth Annual Meeting will be held at Rockland, 
Maine, June 11-14, 1959. The local committee has arranged an array of interesting field 


excursions which will be listed in a detailed announcement to be mailed shortly 


\ Notre Prom THE TREASURER 


Active and Sustaining Members received statements for dues two months early this 
vear. This procedure was adopted in order to eliminate the added expense of sending 
the March issue of The Bilson Bulletin to those who would not be renewing their member 
ships. All delinquent members will be suspended before the mailing of the March 
1959, issue 

The treasurer hopes that members will respond to this first notice, and not make 
necessary the use of additional Society funds for the mailing of second notices. Pleas 
remember that postal rates for first class mail have increased 25 per cent 

The treasurer's address appears on the inside front cover in case you have 


your statement 


My term as editor has been the more pleasant for the firm support of the officers 
the Society, and the prompt and generous aid of the members of the Editorial Advisory 
Board. William A. Lunk is singled out for special mention in view of his supervision of 
the processing of color plates. Other persons who contributed to the preparation of recent 
issues include Dean Amadon, James Bond, Jerram Brown, Allan Cruickshank, John Davis 
W. B. Davis, J. J. Hickey, S. D. Ripley. G. W. Salt, P. B. Street, W. L. Thompson, and 
H. B. Tordoff. | wish to express my gratitude to these persons, and to Martha W 


Dixon, who bore the brunt of preparation of the indexes.—K. L. D 
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Malbrant, René, Faune du Centre Africain Pough, Richard H.. Audubon Western Bird 
Francais (Mammiféres et Oiseaux). 2nd Guide. 1957 
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THE ORNITHOLOGIST’S RESPONSIBILITY TO THE FUTURE 


{ Contribution from the Wilson Ornithological Society 


Conservation Committee 


An effort to anticipate and prepare for the future seems desirable, because our genera 
tion bears a responsibility for passing on to the next a potential for continued well-being 
particularly in the area of bird conservation. Any estimate of the future must be based 
on projections of past experience and cannot possibly be much more than an assessment 
of relative probabilities. Such estimates, however, provide the only reasonable basis for 
long-range planning and have become standard practice in the world of business and 
government. Inasmuch as we must attempt to ensure the protection of birds and the 
well-being of man, there appears to be litthe merit in a policy of deliberate conservatism 
in our estimate of the future 

The trend in growth of the human population constitutes the key element in long-range 
planning. Continued rapid growth of our population in the United States appears to be 
accepted generally by demographers. The possibility of acceptance of population control 
seems remote. The human birth rate tends to reflect the nation’s economic status, and 
it is certain that government will do everything within its power to maintain prosperity 
\ major atomic war appears to be the only event which might check the current explo 
sive trend in numbers of people in the foreseeable future 

Projections of the total United States population, based on high fertility and low 
mortality assumptions characteristic of the period since the end of World War Il, have 
been estimated to be: 202,910,000 in 1965; 237,580,000 in 1975; 342,673.00 in 2000; 
and 501,825,000 in 2050 (Greville, 1957:27). Luck (1957:903) considered a population 
of 600 million by 2050 almost inevitable. In the event that these estimates seem excessive, 
we may be reminded that as recently as 1941 a study of recreational needs anticipated 
a population of only 158 million by about 1980 (U.S. Natl Park Serv., 1941:5) 
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The demand for outdoor recreation promises to grow at a faster rate than the popula 
tion. The amount of leisure available to the average person has been increasing steadily 
The 5-day work week is almost universal, and vacations with pay are an established 
custom. Old-age insurance and pension plans provide for increasing retirement of the 
aged. Raushenbush (1955:92) predicted a 37.5-hour work week or its equivalent in 
annual working time by 1960 and a 35-hour week by 1965. Despite a shorter work week 
and a heavy tax burden, the trend in disposable income has been upward (Dewhurst and 
Assoc., 1955:90). The mobility of this population is increasing at a logarithmic or 
percentage rate. Automobile ownership is increasing more rapidly than population, and 
the movement of traffic is being facilitated by extension and improvement of the highway 
system. Clay et al. (1955:8-9) reported that almost 58 million motor vehicles were 
registered in 1954, one for “every 700 feet of every lane in both directions on all streets 
and highways in the Nation.” They predicted that vehicle registrations would react 
81 million by 1965. Also, extensive use of inexpensive aircraft as a future mode of family 
transportation does not place excessive stress « the imagination. 

That the public has been using its increased leisure, income, and mobility to 
outdoor recreation is in abundant evidence. Statistics reveal that outdoor recreation has 
been increasing more rapidly than the population. The use of national parks almost 
doubled in the decade 1947-1956 (Clawson, 1958:2 The very rapid increase in the 
recreational use of national wildlife refuges is of particular significance to the ornithol 
ogist. Clawson (1958:49) showed that the recreational use of national wildlife refug 
more than doubled from 1951 to 1956. He compared this “with an increase of 48 
cent for the national park system, and of 75 per cent for the national forests 
same period.” Clawson classified use of national wildlife refuges in 1956 as: hunting 
6 per cent; fishing, 37 per cent; and other, including picnicking, swimming. and 
wildlife observation, 57 per cent, and he observed that “It would be interesting to know 
how much of the use was solely or primarily for the . . .” purpose of wildlife observation 
Interesting indeed. A survey in 1955 determined that 21 per cent of all people 12 years 
of age and older hunted, fished, or did both and expended approximately $2.850,979,000 
in these activities (U.S. Fish and Wildlife Serv.. 1956:7, 17). Outdoor recreation is big 
business and promises to get bigger. 

Projections of the future use of national parks and forests for recreation have been 
attempted. From 53 million visits recorded in national forests in 1956, it is anticipated 
that an increase to 65 million in 1960 and to 360 million in 1980 may be expected: from 


> million visits in the national park system in 1956, it is estimated that 60 to 80 million 
visits may be anticipated in 1960 and 135 to 440 million visits in 1980 (Clawson and 
Held, 1957:342). This forecast of demand for recreation in the national forest and park 
systems probably reflects that which may be contemplated for private lands and state, 
county, and municipal facilities. Thus, we are in the somewhat strange business of 
struggling to increase facilities to accommodate a rapidly increasing horde seeking 
outdoor recreation and at the same time using every means within our power to encourage 
greater interest in Nature as a means of insuring support for its preservation and wise use 
Baker (1952:20) believes that “The greatest progress made in conservation in our 
generation has been growing recognition of its basic relation to human welfare 
There are more private and government agencies encouraging interest in outdoor recre 
ation and the conservation of natural resources than ever before. The business world 
recognizes that it has a major stake in outdoor recreation. That these agencies together 
with the public are making their interests known with increasing power is evident in 


legislation of all kinds. The biologist has a responsibility here which will grow in 
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importance, the responsibility of guiding this power in a rea 
tainly, the biologist’s role in the task of improving upon the 
proper conduct of the public in the out-of-doors will also take on increased 
Pierce (1957:284 has pointed out some of the responsibilities 
ornithologists 

The well-being of birds will be most vitally affected where 
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Bellrose and tt (1955:311) have pointed out the need for stepping 

tion of land to complete the national waterfowl! refuge s<ysten Competition 

becoming increasingly severe. Land prices and conflict of interest may reach a point 
where purchase of land for wildlife refuges will become prohibitive The encroachment 
of human activities on wetlands is evident in the remarks of Farley (1955:16) “Today 
and for years past we have watched marshes and ponds disappear as agricult has 
expanded. In the black prairie—pothole region of western and southern Minnesota and 
eastern North and South Dakota, agricultural drainage removed, in each of the vears 
1949 and 1950. about 22.000 potholes, amounting to some 63.000 acres These areas 
were the most productive waterfowl lands in the United States. fully equal to the best 
producing areas in Canada. Similar drainage is occurring in many coastal sections, which 
are most important to the birds as wintering grounds. Most of the great natural marshes 
of the Gulf are being ruined or seriously damaged for waterfowl use by salt-water 


intrusion as a result of the Intracoastal and connecting canals, and by exploration for 
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sulfur and oil. Waterfowl of the Pacific Flyway are rapidly approaching a crisis because 
the lush marshes which once supported myriads of birds wintering in California and 
northern Mexico are being turned into cotton and rice fields, orchards, and urban 
developments.” 

In 1934 it was estimated that the federal government should own and develop 7,500,000 
acres of wetland for the protection of our waterfowl resource (Farley, 1955:17). In 1956, 
Shaw and Fredine (1956:32) reported that there were 3,270,000 acres in federal water 
fowl refuges, thus leaving over 4,000,000 acres to be acquired. In addition, it was esti 
mated that the states should acquire 5 million acres primarily for waterfowl. In 1956, 
Shaw and Fredine (1956:31) reported that “at least 1,500,000 acres in waterfowl! areas 
are now administered by the States.” Judged by present-day tempo, it does not seem 
likely that we can gamble with delay much longer in acquiring the additional lands 
It is most encouraging to learn that the recent amendment to the Duck Stamp Act 
provides that, beginning July 1, 1960, virtually all receipts from the new $3 duck stamp 
will be used to acquire wetland areas needed to complete the refuge system. | am doubt- 
ful as to whether even this will provide for the necessary acceleration. Another 20 years 
and we may well be spending our effort trying to keep what we have rather than acquir 
ing new lands. In addition to drainage for the purpose of increasing the area in cropland, 
such activities as waterway construction, drainage for mosquito control, industrial and 
urban expansion, highway construction, and disposal of human waste will compete for 
wetlands with increasing severity. Our concern with waterfowl refuges, great as it is, 
should not cause us to lose sight of the importance of the neighborhood marsh which 
provides a center of interest for bird watchers close to home. 

Undoubtedly, the most marked adjustments to bird populations will take place on 
those lands used for agriculture, and by far the majority of our birds live on these lands 
Wooten and Anderson (1957:32) estimated that “Roughly, three-fifths of the total area 
of land in the continental United States, or 1,158 million acres, is in farms, and two 
fifths, or 746 million acres, is not in farms. Nearly half the land not in farms, or 353 
million acres, is used for grazing. But much of this large area is publicly owned and 
is used jointly for other purposes, including forests, wild game preserves, watersheds to 
supply water for irrigation, power, and other uses.” Land inventories indicate the fol 
lowing distribution of cropland and pasture on farms: cropland, 465 million acres; and 
grassland, pasture, and range, 633 million acres (Wooten and Anderson, 1957:33). 

Higher crop yields must be achieved in the not too distant future if our population 
continues to increase at the present rate. Fortunately, the outstanding feature of modern 
agriculture has been the steady increase in productivity per acre. Leonard (1957:117), 
however, reported that “In spite of current food surpluses, there is concern in the United 
States about how to achieve food production that will be adequate to maintain the present 
Wooten and Anderson (1957:33) counseled 


diet for the anticipated population of 1975. 
that “If recent trends continue in the next 25 years, some 20 to 30 million acres of 
permanent grassland suitable for cultivation likely will be brought into the cropland 
pasture rotation. In addition, possibly 10 million acres of fertile farm woodland and 
brushland likely will be cleared for cropland and rotation pasture, chiefly to improve 
the layout and add to the tillable acreages of existing farms in the farm-forest regions.” 
The trend is toward larger areas in individual farms (Dewhurst and Assoc., 1955:809). 
Using the rate of production for 1953 as a base, Wooten and Anderson (1957:35) esti 


mated that livestock products must be increased by more than 40 per cent and crop 


production by about 25 per cent by 1975. “The greatest increase needed in crop produc- 


tion would be in field crops, feed grains, hay, soybeans, and especially pasture. Crops 
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for which litthe or no increase in production would be needed to meet requirements 
include major food grains, potatoes, and cotton.” (Wooten and Anderson, 1957 :36). 
The reduction of crop losses through more effective protection against in..cts and 
diseases will take on added importance as our need for food increases. More general 
use of chemicals for this purpose may be expected unless greater progress is made in 
the direction of biological control. Unless chemical poisons are found which are more 
specific for the problem at which aimed and less toxic to birds, losses may be expected 
and over greater areas than is the case today. The ornithologist bears a responsibility 
for adding to his knowledge of the long-range effect of modern insecticides on birds 


He should at least be prepared to advise the entomologist and the public of probable 


consequences to bird life which may be expected from the use of particular insecticides 


in particular areas 

Cultivated fields undoubtedly support greater total numbers of birds now than they 
did prier to cultivation. Sharp reduction or elimination of waste in cultivated grains 
and weed plants, however, could result in food shortages for birds which could well 
become a major limiting factor. The intensive effort to obtain chemical control of weeds 
seems to be succeeding, and inefficient harvest methods are receiving increased attention 
Waste grain from cultivated crops constitutes the greatest volume of food consumed by 
many birds. Losses in cleanly harvested crops of wheat, oats, barley and rye, even with 
the best combine adjustment, will vary from 1 to 4 per cent of the yield (Huber and 
White, 1953:4). It has been estimated that an amount equivalent to 10 per cent of the 
yield of corn remains in the fields as a result of inefficient harvesting methods (Bate 
man, Pickard, and Bowers, 1952:3). A marked reduction of waste in corn has already 
been achieved by a harvesting technique in which the corn is shelled in the field. Even 
if harvesting techniques did not improve, more corn will be gleaned by livestock in the 
future. As the demand for livestock production increases it seems likely that more green 
corn will be cut and chopped in the field to be fed as ensilage, thereby utilizing the 
whole corn plant. 

Wildlife depredations in unharvested grain promise to become of progressively greater 
concern. Following a study of depredations on cultivated grains by waterfowl in south 
western Manitoba, Bossenmaier and Marshall (1958:31) recommended “The initiation 
of a long-range program for the development of feasible cultural methods of control 
This would seem to constitute an intelligent long-range objective wherever bird depreda 
tions constitute a threat. 

It is apparent that our agricultural lands are particularly subject to change, and the 
majority of our birds live on these lands during all, or at least critical periods, of their 
lives. Our knowledge of the relationship of agricultural land use practices to bird 
populations is incomplete except for certain game birds and even here our knowledge 
can be improved upon. Without such knowledge we cannot forecast and prepare for 
likely changes in bird populations coming out of a more intensive agricultural program 
Many changes on farm land are of a subtle nature from the standpoint of their effect 
on birds. While the trend is all in one direction, the amount of change in any one year 
is too small to attract much attention. During the past 10 years many miles of osage 
orange hedge have been bulldozed out in the midwestern United States. This must 
certainly have had a marked effect on the populations of those species regularly found 
nesting and rearing young in these hedges. Fencerows, ditchbanks, and roadsides grown 
to heavy herbaceous or woody cover have been “cleaned up” and many odd, unproductive 
bits of land have been cleared of brush or drained to improve efficiency of operations 


and to extend tillable lands. These activities undoubtedly have brought about changes 
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in bird populations which have gone unrecorded. Some species have lost out, others 
have been favored. But who really knows very much about the adjustment demands 
being made on continental bird populations as a result of the gradual change taking 
place on farm land. 

An effort also needs to be made in the direction of evaluating agricultural practices 
which might prove advantageous to future farm needs and to birds. Wide-row corn 
seems to be one such practice (Vohs, 1958MS). 

What the necessary increase in future livestock production may mean to birds also 
constitutes a problem. The development of improved pasture in the southeastern United 
States has resulted in marked changes in bird life. Attention, however, has been centered 
primarily on the local reduction of quail populations (Seott and Klimstra, 1954:6). The 
demand for grazing privileges on federal lands may well become a problem of increasing 
difficulty for administrators. 

The importance of wildlife as a reservoir of diseases and parasites affecting livestock 
and man will certainly be cause for progressively greater concern as the human popula 
tion and its need for food grows. Our knowledge in this field is so incomplete that 
intelligent action is impossible in many cases. A thoroughgoing knowledge of this subject 
is needed, if for no other reason than to insure against unwarranted wildlife control or 
eradication programs 

| have not seen estimates on the total area of land devoted to urban and industrial use 
or to highways, airports, rights-of-way, and other high value purposes. It is certain that 
the area devoted to such use will tend to parallel population growth. Wider dispersal 
of such key areas as a defense measure against atomic attack is being encouraged. The 
recently approved national highway program involves construction of a 41,000-mile net 
work of interstate highways on an average 300-foot right-of-way which will place over 
1 million acres of land along the pavement (Zuckel and Eddy, 1957:38). Egler (1958 
576) estimated that there are now 50 million acres of rights-of-way land. He (1958:573) 
defined rights-of-way land as “those narrow threads of land which serve for transporta 
tion and communication of man and materials. They include highways, railroads, electric 
power and telephone lines, and pipe lines for gas, oil, and coal.” He pointed out that the 
rights-of-way of utility corporations comprised an acreage greater than all six of the New 
England states combined. 

Management of these vast rights-of-way holdings should be investigated from the 
standpoint of effect on bird populations. It seems likely that lands devoted to such use 
will increase in area and, with increasingly intensive use of surrounding lands, may 
virtually constitute refuge areas for certain species of birds if properly managed. Egler 
(1958:574) wrote of the use of 2.4-D, 2,3,5-T, and ammonium sulfamate in the control 
of brush on rights-of-way land as follows: “It must be understood that these chemicals 
have no known adverse effects on any animals. If used unwisely, they do have an 
extremely detrimental effect on wildlife habitat, and this, in its way, is far more disas 
trous than any killing of the animals themselves.” Egler (1958:577) also pointed wut 
that “In most cases shrub communities retard reforestation more successfully than 
do grasslands.” 

Urban and suburban residential areas are expanding at a rapid rate. Perhaps the 
average family of the future will tend to satisfy more of its needs for pleasure in the 
out-of-doors and for escape from the pressures of civilization in its own back yard. 
The ornithologist should prepare to offer advice on neighborhood management of birds 
as a part of this scheme of things. 

Zahniser (Callison, 1957:150-151) reported that according to available records in 1953 
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there were 2,030 state parks comprising 5.077.331 acres and a repert for 1951 showed 
I I 
; 


17,142 county and city parks totaling 644,067 acres. Additional parks will undoubtedly 
“ems likely that the 


be established, especially small parks in urban areas. However, it se 
addition of parks will not parallel population growth. Such parks will receive increasing 


use and unless managed properly may serve more as a refuge for nuisance species 
birds than desirable forms 

While the total water area will be very small by comparisoe: 
be of great strategic importance to birds. Impoundments fo ’ lroelectric 
power will probably be installed wherever feasible, for they hav advantage of being 
based on a nonexhaustible source of energy. Impoundments water supplies 
and industry will probably tend to parallel population growt! 


reflect the dispersal of indu ‘ The average daily quantity 


purposes increased from 600 gallons per capita in 1900 to 1,100 ¢ Vand | 
gallons in 1955. By 197 he country will be using 1.800 gallor ‘ water a day t 
every man, woman, and « | LS. Soil Conservation Serv., | he added water 
areas will undoubtedly ent e the well-being of so 
for multiple purposes. Water pollution is close 
tion and with industry hence, unless 
aquatic foods, especially of animal orig 
Industria pollution may cause direct loss as 
severe losses ; mg migrating shore birds 

asis for appraising long-range adjus 
birds is needed. Perhaps a running inventory of bird 
or habitat category. in winter and during the breeding I ou pre 
index Excellent information is available for waterfow] nd our knowledge of upland 
game birds is good and is improving rapidly The nesting ita published annually 
in Audu t Field Notes are helpful. Nevertheless. objec 


generally deficient for other species. Ornithologists are either underestimating 
portance of this need, are shunning it as a personally unprofitable chor 
se hope that someone else will do it. The job needs doing in representative 
gories throughout the country, and responsible le must take 
the gaps in these censuses of birds Lea Ehime ’ ate enough 
benefited from the foresight of Stephen A. Fo 0 ouraged extensive 
systematic censuses of birds throughout Illinois in 1906-09 » data obtained (Forbes 
and Gross, 1922, 1923) were classified by land-use category. These censuses are being 
repeated now, some 50 years later, as a means of interpreting the adjustments which have 
taken place 
Another matter of general concern is the need for early acquisition of land for wild 
life management areas. Shepard (1957:9-10) has emphasized the need for “immediate 
action to preserve specific areas of land before they are overrun and lost forever” 
and recommended that industry might do well to participate in the acquisition of such 
lands. He points out that even now “The preservation of even small bits of marshlands 
or woods representing the last stands of irreplaceable biotic communities is interwoven 
with the red tape of law, conflicting local interest, the overlapping jurisdiction of govern 
mental and private conservation bodies, and an intricate tangle of economic and social 
considerations.” Along these lines, it is my personal belief that wildlife conservation 


agencies are gambling with their future well-being when they concentrate all of their 


land purchasing resources in the so-called waste lands and fail to obtain small, evenly 


dispersed parcels of land throughout intensively cultivated areas. 
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Another matter which will attract special consideration will be an increasing demand 
for birds to hunt. A part of this demand will be met by commercial, controlled shooting 
areas where the hunter may buy pen-reared game birds for hunting. The search for 
exotic game birds to occupy those areas where game birds are absent or scarce is likely 
to receive greater emphasis. 

This analysis constitutes an effort to examine problems of bird conservation in the 
light of human progress. Glass (1957:11) has observed that “Few biologists, outside of 
an occasional leisure thought, seem to think very frequently or deeply about human 
progress.” While the material presented here barely outlines the problem, it is sincerely 
hoped that it will serve to stimulate ornithologists to make a careful, critical, and imagi 


native examination of what the future holds for bird conservation. 
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Nomina Avium Evropatarum. By Harriet |. Jorgensen. Copenhagen: Ejnar Munk- 
gaard, 1958: 5'2 « 8% in., 283 pp., | fig. 26 Danish Kron 


In 1941 Harriet lL. Jorgensen of Denmark and Cecil Blackburne of England collaborated 
in a glossary of the names of the birds found regularly in western Europe as given in 
17 of the languages of that region. The present volume, by Harriet |. Jorgensen as sole 
author, is a further contribution to the subject, with the material brought down to date 
in consonance with present-day usage, and arranged for easy consultation in a modern 
systematic classification instead of the former somewhat confusing alphabetic sequence 
Two languages, Yugoslav and modern Greek, have been added since these are important 
in current ornithological literature, and the list has been made complete by the inclusion 
of 128 additional birds of rare or casual occurrence, so that 579 species now are covered 
\ further useful feature is the addition of a standard topographic chart of a bird in 
which 52 parts, of structure or plumage, are named in 20 languages (with Latin as the 
additional tongue). Anyone who has sought such terms in the usual foreign language 
dictionaries will appreciate the value of this information. Since names frequently vary 
in usage in England and in America, “North American” is added as a separate item 
throughout the book, wherever pertinent. A separate index for each language facilitates 
the location of any desired name. 

In the present day when interest in ornithological studies is spread widely through the 
lands on both sides of the Atlantic this unique volume offers definitely useful service 
in identifying the terms under which birds are described in current literature of the 
various countries. It is thus a valuable addition to any ornithological library, useful to 
professional and amateur alike. In examining the book one must admire the knowledge 
of languages that it displays, as well as the meticulous care with which it has been 


prepared to insure correct expression in every detail ALEXANDER WETMORE 


\ Fiecp Guiwe to THe Birps oF Puerto Rico. By James B. McCandless. 1.A.U. Press 
San German, P.R., 1958: 8'2 & 5's in., viii + 68 pp., paper-bound, $2.00 


The author, a Mayaguez physician, calls this booklet, printed by offset, a supplement 
to Peterson's Field Guide to the Birds. Spanish names, abundance, seasonal occurrence 
and habitat are given for each of the 190 species discussed. The section on field marks 
is omitted from the accounts of the 137 species which also occur in the United States, 
and the reader is referred to Peterson's 1947 edition by page number. The 53 species 
not covered in Peterson are treated in detail 

Introductory pages contain information on bird finding areas, the seasons, what species 
may be expected in each type of habitat, and a chart showing dates of occurrence for 
regularly seen seasonal birds. Appendices include a list of extinct and extirpated spe 
cies, a problematical list and a short bibliography. Both Spanish and English names 
are indexed. 

The individual species accounts would have been strengthened by more complete 


comments on voice. Some species are covered; others not. The tourist would like to 


know, for example, that the familiar cardinal-like whistle is the song of the Puerto 
Rican bullfinch. Technically, the book contains such errors as wrong or misspelled 


scientific names and deviations from the current check-list order of arrangement. 


These minor faults, however, in no manner detract from its purpose as simply a 
supplemental field guide and Baedecker for the Puerto Rican visitor.—Puituips B. STREET 
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Yellow-billed, 116 





126 


Cyanocitta cristata, 48, 96. 107, 117, 130, 
347, 381 
stelleri, 288 
Cyanocorax yneas, 292 
Cygnus buccinator, 237 
columbianus, 237 
hibbardi, 238, 239, 240 
paleocygnus, 237 
paloregonus, 237 
Cypseloides niger borealis, 250 
n. costaricensis, 250 
Dactylortyx thoracicus, 372-377 
Daniel, Joseph C., Jr.. Robert M. Armagast 
and Julia W. Armagast, New records of 
the Nashville Warbler in Colorado, 199 
Davis, L. Irby, Acoustic evidence of rela 
tionship in North American crows, 151 
167 
Dendrocopos borealis, 116 
major, 357 
pubescens, 116, 323, 349 
p. medianus, 127 
p. pubescens, 127 
villosus, 116, 349 
Dendroica, 312 
audubonii, 91 
a. nigrifrons, 253 
cerulea, 118 
coronata, 379 
discolor, 118, 287 
dominica, 118 
graciae, 253 
kirtlandii, 195 
nigrescens, 9], 382 
n. halsei, 253 
occidentalis, 253 
pensylvanica, 118 
petechia, 91 
pinus, 118 
Dickcissel, 378 
Dilger, William C., painting by. 
Dolichonyx oryzivorus, 55 
Dove, Common Ground, 249 
Ground, 95, 116 
Inca, 95 
Mourning, 95, 
Ring, 57 
White-winged, 95 
Drinkwater, Howard, Black-crowned Night 
Heron using bill motion to lure prey, 201 
Dryocopus pileatus, 192, 349 
Duck, Black, 198 
Canvasback, 184, 185 
Gadwall, 198 
Goldeneye, 187 
Greater Scaup, 191-192, 198 
Lesser Scaup, 191-192, 198 
Mallard, 20-23, 31-32, 37, 38, 198, 237 
Merganser, Hooded, 198 
Oldsquaw, 198 
Pintail, 26, 35, 198 
Redhead, 35, 192 
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Ring-necked, 26, 198 
Shoveller, 198 
Wood, 20-23, 32-38. 184-187. 198 
Dumetella carolinensis, 117, 286 
Eagle, Golden, 248 
Eaton, Stephen W., A life history study of 
the Louisiana Waterthrush, 211-236 
Eckelberry, Don R., facing 
p. 5 
Egret, American, 281 
Cattle, 93-94, 361-366 
Great, 361-366 
Little, 361-366 
Plumed, 361-366 
Snowy, 93-94, 116 
Egretta alba, 361 
garzetta, 361 
intermedia, 361 
Elaenia flavogaster, 264 
Elaenia, Yellow-bellied, 264 
Emberiza, 326 
Empidonax difficilis bateli, 251 
fulvifrons rubicundus, 251 
hammondii, 25] 
mexicanus, 29] 
minimus, 45, 251 
virescens, 117, 130, 144 
wrightii, 251 
Eremophila alpestris. 91 
Ereunetes pusillus, 116, 288 
Erithacus rubecula, 52, 79, 357 
Erolia minutilla, 116 
Euphagus cyanocephalus, 146 
Faleo columbarius, 273 
peregrinus pelegrinoides, 90 
sparverius, 90, 116 
Falcon, Peregrine, 90 
Finch, Cassin, 91, 92 
House, 53 
Purple, 53 
Flicker, 48, 349 
Yellow-shafted, 195 
Florida caerulea, 93, 116 
c. caerulea, 248 
Florisuga mellivora, 7 
Flycatcher, Acadian, 117, 130-144 
Black-tailed, 261 
( rested, 116 
Dusky, 251 
Gray, 251 
Hammond's, 251 
Kiskadee, 95 
Least, 45, 251 
Nutting’s, 251 
Scissor-tailed, 95 
Social, 251 
Western, 25] 
Food habits, 96, 111, 145-150, 194, 228-230, 
274-278, 376, 381, 382 
Ford, Norman L., Black-throated 
Warbler in Michigan, 382 
Fossils, 197, 237 
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Fringilla coelebs, 54 
Fulica americana, 116, 280 
a. americana, 248 
Galbula ruficauda, 257 
Gallinula chloropus, 116, 240 
Gallinule, Common, 116 
Purple, 116 
Gallus gallus, 45, 57, 376 
Geococcyx californianus, 186 
Geothlypis trichas, 118, 232 
Gnatcatcher, Blue-gray. 91, 117 
Goldfinch, American, 53, 118 
Blue, 197 
Canada, 168-183, 197 
Ross’, 197 
Snow, 197 
White-fronted, 197 
Goshawk, European, 90 
Graber, Richard R., see Cochran, William 
W. and 
Grackle, Boat-tailed, 95 
Common, 118, 125 
Antillean, 262, 27 
Gracula religiosa, 42 


Loose, 


Cranatellus venustus, 5 
Grassquit, Blue-black, 254 
Grebe, Pied-billed, 116 
Greenway. James C., Jr.. Extinet and Van 
ishing Birds of the World, reviewed, 293 
Ludlow, Alexander Sprunt, Jr 
and others, The Warblers of 
reviewed, 99 
Grosbeak, Black-headed, 9] 
Blue, 118, 323 
Alfred O., Life 
nanaquit of 
Growth, 226 
(,rus americana, 
Guhl, A. M., see Castoro, 
Guiraca caerulea, 118, 323 
Gull, Herring, 180 
Ring-billed, 177 
Hailman, Jack P.. Notes on pre-copulatory 
display in the Starling, 199-20] 
Hall, Fred T., Proceedings of the 
ninth Annual Meeting, 295-304 
Hamilton, Terrell H.. Adaptive variation in 
the genus Vireo, 307-346 
Hartshorne, Charles, 
ciples applicable to song-behavior, 41-56 
Hawk, Broad-winged, 116, 273 
( ooper’s, 281 
Marsh, 90, 382 
Pigeon, 273 
Red-tailed, 116 
Rough-legged, 382 
Sharp-shinned, 248 
Heliomaster constantii, 250 
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America, 


history of the Ba 


» ~9 
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Island 
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Helmitheros vermivorus, 117 

Heron, Black-crowned Night, 201, 361-364, 
sO 
Green, 116, 280 


Jay. Blue. 


Johnston, David W.. see 


L958 


Grey, 361-364 
Little Blue, 93-94, 116, 248 
Louisiana, 116 
Yellow-crowned Night, 116 
Hirundo rustica, 117 
Hofslund, P B 
abandoned Pileated 
192 
Holoquiscalus lugubris, 262 
Howard, Walter E.. Food intake and 
formation of a Horned Owl, 145 
Hummingbird, Adorable ¢ 
Band-tailed Barb-throat 
Brown Violet-ear. 6 
Constant Star-throat, 250 


Swilt nesting in 


Woodpecker hole 


. Chimney 


oquette 


Cuvier’s, 7, 8 
Elicia’s Golden-tail 
Emerald, 262 
Phorn-tail 
acobin, 7, 16 


J 
I Violet-ear, 6 
I 
I 


(,reen 


Hermit 


ong-tailed Hermit, 15 


guemare s 


Lovely, 
Rieffer’s, 6, 7 
Ruby-throated 


Snow -cap, 
Snowy-breasted, 
Violet-crowned, 
Violet-headed, 
White-eared, 10 
Wood-Nymph, 7 
Hybrids, 341] 
Hydranassa tricolo 
Hylocharis eliciae 
leucotis, 10 
Hylocichla, 327 
fuscescens, 53, 
guttata, 9] 
mustelina, 70, 11 130 
Ibis, White-faced Glossy, 248 
Icteria virens, 118, 232 
leterus c. cucullatus, 254 
parisorum, 254 
pustulatus, 254 
wagleri castaneopectus, 254 
Ivor, H. Roy, Steller’s Jay 
tobacco smoke, 288 
Ixoreus naevius, 53, 252 
Jacamar, Rufous-tailed, 257 
8, 96, 107, 108, 112 
124, 125, 130, 132, 347, 381 
Brown, 161 
Scrub, 148 
Steller’s, 288 
Norris, 


and : review by. 207 


Robert A 


Jorgensen, Harriet 1... Nomina Avium Euro 


paearum, reviewed, 394 


Junco, 307, 331 


hyemalis, 379 
Junce, Slate-colored, 379, 380 
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Kestrel, American, 90, 116 
Kilham, Lawrence, Sealed-in winter stores 
of Red-headed Woodpeckers. 107-113: 
Territorial behavior of wintering Red 
headed Woodpeckers, 347-358 
Killdeer, 116 
Kingbird, Eastern, 116 
Kinglet, Golden-crowned, 380 
Kirby, Robert P.. American 
Michigan, 196; Rough-legged 
takes prey from Marsh Hawk, 382 
Klais guimeti, 5-18 
Klopman, Robert B., The nesting of the 
Canada Goose at Dog Lake, Manitoba. 
168-183 
Knorr, Owen A., Nesting of the Chimney 
Swift in Colorado, 97 
Knot, 197 
Lamore, Donald H., Blue Jay feeding on 
dead fledgling House Sparrow, 96; Pro 
duction of pellets by a Blue Jay, 381 
Lanius collurie, 96 
ludovicianus, 95, 117, 323, 324 
nubicus, 96 
Lanyon, Wesley E., The Comparative Bi- 
ology of the Meadowlarks (Sturnella) in 
Wisconsin, reviewed, 207; The motiva- 
tion of sun-bathing in birds, 280 
Larus argentatus, 180 
delawarensis, 177 
Lark, Horned, 91 
Wood, 12. 53 
LeFebvre, Eugene A. and Joyce Hecken- 
laible LeFebvre, Notes on the ecology ot 
Dactylortyx thoracicus, 372-377 
Lepidocolaptes |. leucogaster, 250 
Leucophoyx thula, 93, 116 
Limnothlypis swainsonii, 51, 117 
Lophodytes cucullatus, 198 
Lophornis adorabilis, 7 
Lovell, Harvey B., Baiting of 
Green Heron, 280-281 
Loxia, 92 
curvirostra, 91, 92 
c. stricklandi, 254 
Lullula arborea, 42 
Luscinia, 54 
megarhyncha, 42 
Lyrebirds, 14 
Mammals 
Canis latrans, 171 
Marmosa sp., 274 
Mephitis mephitis, 180 
Ochotona princeps, 356 
Sciurus carolinensis, 186 
Tamiasciurus hudsonicus, 185, 356 
Tamias striatus, 186 
Vulpes fulva, 171 
Mareca, 197 
Martin, Leo M., and Thomas Z. Atkeson, 
Escape diving by a Spotted Sandpiper. 
281 
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Martin, Purple, 117 

Mayfield, Harold, Nesting of the Black- 
backed Three-toed Woodpecker in Mich 
igan, 195-196 

McCandless, James B., A Field Guide to 
the Birds of Puerto Rico, reviewed, 394 

McClure, H. Elliott, Dispersal of Egrets on 
the Kanto Plain, Japan, 359-371 

McKinley, Daniel, Early record for the 
Ivoery-billed Woodpecker in Kentucky, 
380 

Meadowlark, Eastern, 42, 44, 53, 54, 118 
Western, 53, 280 

Meanley, Brooke and 
ley, Nesting habitat of the 
Tree Duck in Texas, 94-95 

Measurements, 317, 318, 319, 324, 325 

Melanerpes erythrocephalus, 107 
formicivorus bairdi, 113 

Melanotis coerulescens effuticius, 2 

Meleagris gallapavo, 248 

Melospiza georgiana, 379 
melodia, 79, 195, 215, 287 
m. goldmani, 323 

Menura sp., 44 

Micrathene w. idoneus, 
w. whitneyi, 249 

Microchera albo-coronata, 7 

Migration, 20-40, 214-215, 
378 

Mimus gilvus, 260 
polyglottos, 43, 117, 194, 

Mniotilta varia, 117 

Mockingbird, 43, 47, 48, 52, 7, 121, 123, 
194, 357 
Blue, 251 

Molothrus ater, 118, 131, 191, 220, 286 

Molts and plumages, 90, 213, 231-232 

Momotus bahamensis, 257 

Moore, 
and 

Morgan, Walter, White pheasants among 
Ring-necked Pheasants in South Dakota, 
281-284 

Motmot, Swainson, 257 

Mueller, Helmut C., see Berger. 
and 

Mumford, Russell E. and Dale A. Zimmer 
man, Recent observations on the Sharp 
tailed Sparrow in Michigan, 284-286 

Mumford, Russell E. and Richard L. Zusi, 
Notes on movements, territory and habi- 
tat of wintering Saw-whet Owls, 188-191 

Murray, J. J.. Ruby-throated Hummingbird 
captured by a praying mantis, 38] 

Muscivora forficata, 95 

Myadestes townsendi, 53 
t. calophonus, 252 
unicolor, 3 

Myiarchus crinitus, 116 
nuttingi inquietus, 25] 

Myiobius atricaudus, 261 
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Black-bellied 
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Blair, W. Frank 


George A., see 


Daniel D. 
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Myiochanes, 292 
Myiozetetes similis primulus, 251 
Mynah, Talking. 42 
Nesting, 11-18, 70-87, 93, 94, 97, 130-140, 
169-182, 192, 193, 195, 220-228, 258-271 
Newman, Donald L., A_ nesting of | the 
Acadian flycatcher, 130-144 
Nickell, Walter P.. Brown-headed Cowbird 
fledged in nest of Catbird, 286-287 
Nighthawk, Common, 116 
Nightingale, 42 
Nolan, Val, Jr.. 
Bunting and 
288 
Norris, Robert A 
Weights and 
mer birds from Georgia and South Caro 
lina, 114-129 
Norris, Robert A 
Williamson, Francis S. L. and 
Nucifraga caryocatactes, 357 
Nutcracker, Thick-billed, 357 
Nuthatch, British, 113 
Brown-headed, 117, 120, 121, 122, 123 
Pigmy, 251 
Red-breasted, 91 
White-breasted, 91, 117, 323 
Nyctanassa violacea, 116 
Nycticorax nycticorax, 201, 361 
Oporornis formosus, 118 
tolmiei, 91, 25 
t. intermedia, 253 
Oreoscoptes montanus, 91 
Oriole, Hooded, 254 
Scott's, 254 
Streak-backed, 254 
Wagler’s, 254 
Orope ndola, 273 
Ostinops decumanus, 27 
Otus asio sortilegus, 249 
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Rufous-sided 74 


Towhee, 287 


David W. 
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a. suttoni, 249 
Ovenbird, 49, 51, 
Owl, Barn, 249 
Screech, 249 


118, 217, ; 


Common 
Elf, 249 
Horned, 145-150 
Long-eared, 198 
Saw-whet, 188-19] 
Short-eared, 90, 198 
Parasitism, 86, 230, 232 
Parkes, Kenneth C.. review by, 
ter to the Editor, 291-292 
Parrot, Amazon, 257 
Parula americana, 
Parus, 307, 308, 312, 
ater, 312 
atricapillus, 42, 120, 332 
bicolor, 48, 107, 117, 130, 
caeruleus, 312 
carolinensis, 48, 117, 332 
c. carolinensis, 125 
c. impiger, 125 


101; Let 
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gambe li, 9] 
lugubris, 312 
major, 312, 326 
montanus, 312 
palustris, 312 
Passer domesticus, 96 
Passerella 195. 380 


Passerina amoena, 9] 


iliaca, 


ciriS 118 
evanea, 118, 287, 37 
Pelecanus erythrorhynchos, 177 
halieus, 240 
Pelican, White, 177 80, 197 
Eastern Wood, 45, 47 
127, 130, 143 
Western Wood, 91 
Phaeochroa cuvierii, 7 
Phaethornis 


superciliosus, 15 


Pewee. 


onguemare = 
Phalaenoptilus nuttallii centralis, 249 
Phalacrocorax auritus, 237, 24 
idahensis, 240, 241 
macer, 237, 239, 240 
wetmorei, 237 
Phasianus colchicus, 186, 281 
Pheasant, Ring-necked, 186, 
Pheucticus melanocephalus, 91 
Philohela minor, 380 
Phoebe, Say, 91 


90-9] 526-32 


Physiology, 
Picoides arcticus, 195 
Pigeon, Common, 20, 36, 57 
Red-billed, 95 
White-crowned, 93 
Pipilo erythrophthalmus, 
e. erythrophthalmus, 
t canaster 125. 127 
e. rilevi 5, 12 
fuseus, 147 
Pipit, Meadow, 54 
Tree, 54 
Pipromorpha 
Piranga ludoviciana, 91] 


oleaginea, 17 


olivacea, 130 

rubra, 118, 323 

r. cooperi, 323 

r. rubra, 323 
Pitangus sulphuratus, 95 
Platypsaris aglaiae richmondi, 250 
Plectrophenax nivalis, 216 
Plegadis falcinellus, 248 
Pliodytes, 237 
Plover, Thick-billed, 116 
Podic ipedidae, 237 
Podilymbus, 237 

podiceps, 116 
Poes ile, 312 
Polioptila caerulea, 91, 117 
Pooecetes gramineus, 54, 91 
Poor-will, 249 
Popelairia conversii, 7 
Populations, 355, 361 
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Porphyrula martinica, 116 
Porzana, 240 
auffenbergi, 239 
carolina, 239 
guti, 239 
lacustris, 239, 240 
Preston, F. W., House Wren attempts incu- 
bation in two nests simultaneously, 193 
194 
Progne subis, 117 
Protonotaria citrea, 117 
Psilorhinus morio, 161 
Ptilogonys cinereus otofuscus, 252 
Pyrrhuloxia sinuata, 95 
s. sinuata, 254 
Quail, Bobwhite, 116, 120, 248 
Singing, 372-377 
Quiscalus quiscula, 118 
Rallus, 240 
prenticei, 240 
Rand, A. L., Patterns in the use of left and 
right limbs in vertebrates, 92-93 
Raven, American, 164, 165, 166 
Recurvirostra americana, 196 
Redstart, American, 45, 118, 253 
Regulus satrapa, 380 
Reptiles 
Spilotes pullatus, 16 
Rhynchops nigra, 116 
Richardson, Frank, review by, 293 
Richdale, L. E.. A Population Study of 
Penguins, reviewed, 205 
Richmondena cardinalis, 48, 
c. cardinalis, 125 
c. floridana, 125 
Ridgwayia pinicola, 251 
Riparia riparia, 117 
Roadrunner, 186 
Robin, 120, 130, 286 
American, 75, 83, 252 
British, 52, 54, 79, 357 
Sandpiper, Least, 116 
Semipalmated, 116, 288 
Solitary, 116, 249 
Spotted, 116, 281 
Sapsucker, Yellow-bellied, 111, 
Saucerottia tobaci, 262 
Sayornis saya, 91 
Scardafella inca, 95 
Schmid, Frederick C.. Cedar Waxwings 
and Fox Sparrows feed upon multiflora 
rose, 194 195 
Scott, Thomas G., The Ornithologist’s Re- 
sponsibility to the Future, 385-393 
Seaman, G. A., Nesting of the Cattle Egret 
in the Virgin Islands, 93-94 
Seiurus aurocapillus, 49, 118, 213, 218 
motacilla, 118, 211-236 
noveboracensis, 118, 213, 218, 224, 232, 
253 
Setophaga ruticilla, 45, 118 
r. tricolora, 253 
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Shrike, Loggerhead, 95, 

Sialia sialis, 117 
s. fulva, 252 
mexicanus, 

Silky Flycatcher, Gray, ‘ 

Siskin, Pine, 92 

Sitta canadensis, 9] 
carolinensis, 91, 117 
europaea affinis, 113 
pusilla, 117 
pygmaea chihuahuae, 251 

Skimmer, Black, 115, 116 

Skutch, Alexander F., Life History 
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of the 


Violet-headed Hummingbird, 5-19 
Skylark, 46, 53 


Solitaire, Slate-colored, 43 
) 


“Sparrow, Brewer's, 
Chipping, 118 
Field, 79, 118, 123 
Five-striped, 255 
Fox, 195, 380 
Grasshopper, 118 
House, 96 
Pine-woods, 118 
Rusty, 254 
Seaside, 118 
Sharp-tailed, 284 
Song, 79, 195, 215, 287 
Swamp, 42, 379 
Vesper, 54, 91 
White-crowned, 79 
White-throated, 42, 48, 5 
Worthen’s, 255 

Spatula, 197 
clypeata, 198 

Sphyrapicus varius, 111, 

Spinus pinus, 92 
tristis, 53, 118 

Spiza americana, 378 

Spizella breweri, 91 
passerina, 118 
pusilla, 79, 118 
wortheni browni, 25 

Sprunt, Alexander, Jr., see 
low and 

Starling, 21, 199-201, 280. 349, 350 
Common, 117, 122 

Stelgidopteryx ruficollis, 117 

Sterna albifrons, 116 

Stettenheim, Peter, Bird fossils from the 
late Pleistocene of Kansas, 197-199 

Stewart, Paul A.., of Wood 
Ducks, 184-187 

Street, Phillips B., reviews by, 99, 394 

Streptopelia risoria, 57 

Sturnella magna, 44, 118 
neglec ta, 280 

Sturnus vulgaris, 117, 

Swallow, Bank, 117 
Barn, 117 
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Griscom, Lud 


Locomotion 
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Rough-winged, 117 
Violet-green, 251 
Swift, Black, 250 
Chimney, 97, 116, 192 
Tachycineta thalassina, 25] 
Tanager, Blue. 262 
Scarlet, 130 
Summer, 118, 323 
Western, 9] 

Tangavius aeneus assimilis, 254 
Taxonomy, 125-127, 151-166, 24 
292, 310-311 
Teal, Blue winged, 
Cinnamon, 186 

Telmatodytes palustris, 117 
Tern, Least, 116 
Black, 116 
Thalurania colombica, 7 
Max, Record of tl 
Texas, 197; Semipalmated 
from Tamaulipas, 288 
Thrasher, Brown, 48, 117 
Curve-billed, 95 
LeConte’s, 48 


Sage, 91 


20. 31, 36. 


Thompson 


Thraupis episcopus, 262 
Thrush, Aztec, 251 
Blackbird, 4 
Hermit, 53, 91, 252 
Orange billed Nightingale 
Varied, 93, >4, 252 
Wood, 42, 4, 70-89, 


Thrvomanes bewickii, 91 


>, 


Thrvothorus ludovicianus, 42. 
lit, Marsh, 312 
Somber, 312 
Willow, 3 2 
Titmouse, Tufted, 107 
130, 347, 356 
Towhee, Brown, 147 
Rufous-sided, 118 
128, 287 
Toxostoma curvirostre, 95 
lecontei, 48 
48, 117 
Threnetes ruckeri, 7 
Iringa solitaria, 116 
s. solitaria, 249 
Troglodytes aedon, 53, 76, 
troglodytes, 1] 
Trogon collaris, 257 
Trogon, Red-bellied, 257 
6, 54 
120. 


108, 


rufum, 


120, 


Turdus merula, 


migraterius, 75, 130, 
Turkey, Wild, 248 
I'yrannus tyrannus, 116 
Tyte alba pratincola, 249 
4, 378 
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superciliosa palliata, 253 
virginiae, 91, 253 
reo altiloquus, 311 
a. altiloquus, 325 
a. barbadensis. 
a. barbatulus, 325 
atricapillus, sn. 
hairdi, 310, 317, 336 
bellii, 311. 313, 314, 317 
b. medius, 252 
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S10, 317, 
crassirostris, 310 
flavifrons, 117 
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S11, 

311-33 
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g. brewsteri, 32 
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516, 32 133 
117, 292, 310-339 
approximans, 317 
bermudianus 17 
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91, 


gilvus 


gilvus, 


eleanorae, 
swainsonii 
g. victoriae, 334 
griseus, 


griseus, 317 
maynardi, 317 
micrus, 317 
noveboracensis 
semiflavus, 317 
tortugae, 317 
310, 317 
311-337 
19 
319 
19 


gundlachii 
huttoni, 45, 
h. carolinae, 
h. cognatus 
} huttoni 
h. mexicanus, 319 
319 
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hy pun hrvseus. 


h. stephensi, 
h vuleani, 
iL] 
latimeri, 311, 317 
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S10, 317 
312. 338 


magister, 
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nanus, 311 
nelsoni, 31 
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17. 117. 130. 311-338 


“o hypoleucus 


olivac cus, 


o olivaceus, 
o. solimoensis, 325 
osburni, 311, 312, 338 
pallens, 310, 314 
philadel phicus, 
propinquus, 34] 
semiflavus, 292, 
solitarius, 307 
s. alticola, 309 
339, 341 
cassinii, 318, 
316, 
318, 


lucasanus, 
montanus, 
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s. plumbeus, 318, 336 
s. repetens, 318, 337 
vicinior, 311, 313, 314, 315 
Vireo, Bell's, 252 
Hutton’s, 45 
Peten, 292 
Red-eyed, 47, 117, 130, 143 
Warbling, 91 
White-eyed, 120, 121, 123, 292 
Yellow-throated, 117 
\ ireosylva, 311 
Voice, 7, 41-55, 133, 143, 151 
271, 272, 374 
Volatinia jacarina, 254 
Warbler, Audubon’s, 91, 253 
Black-and-white, 117 
Black-throated Gray, 91, 253, 382 
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